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Preface 

Our understanding of urologic pathology has dramatically evolved over time. 
The field has undergone significant changes, particularly since the Interna-
tional Society of Urological Pathology (ISUP) has led numerous conferences 
to standardize specimen processing, reporting, and staging of urological 
malignancies and has recently published guidelines and recommendations 
regarding best practice approaches to the use of immunohistochemistry in 
differential diagnosis of tumors of the bladder, prostate, kidney, and testis.

Since the introduction of the Gleason grading system more than 40 years 
ago, many aspects of prostate cancer have changed, necessitating the modifi-
cation of grading system to include new variants and subtypes of acinar ade-
nocarcinoma of the prostate. Recently, researchers have gained new insights 
into the roles and function of the androgen receptors and the newly identified 
gene rearrangement involving the ETS family of transcription factors in pros-
tate cancer and their clinical implications.

Histological grading of bladder cancer according to the modern princi-
ples of classification established in the World Health Organization (WHO) 
(2004)/ISUP system is crucial due to its prognostic significance, despite the 
limitations and opportunities for refinement inherent in all grading systems. 
Accurate tumor reporting and staging in transurethral resection and cystec-
tomy specimens are critical to subsequent clinical management.

A new classification system, the ISUP/Vancouver classification of renal 
tumors, has been developed to include many recently described histological 
subtypes of adult renal epithelial neoplasms. A new nucleolar grading system 
for renal cell carcinoma has also been developed to better predict patients 
outcome. New advancements in genetics and molecular medicine have 
helped to better classify renal tumors into distinct clinicopathologic entities 
with different clinical outcomes and have improved our current understand-
ing of familial syndromes of renal cell carcinoma.

Given the significant differences in treatment regimens and prognosis for 
the various testicular germ cell tumor types, particular emphasis has been 
placed on recently described patterns of overlapping morphology among 
germ cell tumors, on the important diagnostic pitfalls that could affect patient 
management, and on the utility of newly described immunomarkers in resolv-
ing challenging differential diagnosis.

This textbook of genitourinary pathology does not merely focus on 
diagnostic issues, important as they are, but also provides a single concise 
encapsulation of practical advances in the genitourinary tumor pathology 
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field and the most contemporary thought regarding specimen processing, 
grading, staging, new insights on histologic morphology, prognostic and 
management implications of unusual morphologic entities, and molecular 
markers with diagnostic and/or prognostic values. This textbook will guide 
the reader through the intricacies of prostate, bladder, kidney, and testicular 
tumor pathology; diagnosis and reporting; associated familial and hereditary 
syndromes; and genetic and epigenetic alterations playing a key role in the 
understanding of tumor biology. A chapter underlining intraoperative consul-
tation challenges and implications for treatment is included for each organ to 
emphasize the pathologist’s role as a consultant during surgical procedures.

Although practicing anatomic pathologists represent the logical audience, 
this text includes facts useful to urologists, pathology residents, basic sci-
entists, and translational researchers with an interest in genitourinary tumor 
pathology. This book assumes that the reader has a working knowledge of 
diagnostic genitourinary pathology.

The authors in this textbook have been carefully chosen as they represent 
the highest level of expertise in the field of uropathology. We are grateful to 
all contributors for believing in this project and for their effort to reach the 
final goal.

We hope that the readers of this volume will find this format friendly and 
helpful in the identification of practical advances in urological pathology. 

Cristina Magi-Galluzzi, MD, PhD
Christopher G. Przybycin, MD
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1Anatomy of the Prostate Revisited: 
Implications for Prostate Biopsy  
and Zonal Origins of Prostate Cancer

Samson W. Fine and Rohit Mehra

S. W. Fine ()
Department of Pathology, Memorial Sloan-Kettering 
Cancer Center, New York, NY, USA
e-mail: fines@mskcc.org

R. Mehra
Department of Pathology, University of Michigan 
Hospital and Health Systems, Ann Arbor, MI, USA
e-mail: mrohit@med.umich.edu

Abbreviations

PZ Peripheral zone
TZ Transition zone
PSA Prostate-specific antigen
PIN Prostatic intraepithelial neoplasia

Topographic Relationships  
in McNeal’s Zonal Anatomy

The body of knowledge regarding prostatic 
anatomy stems from McNeal’s pioneering work, 
which demonstrated the human prostate to be a 
composite organ, composed of three glandular 
zones and a nonglandular zone, termed the anteri-
or fibromuscular stroma [1, 2]. The in vivo three-
dimensional spatial organization of these zones is 
best demonstrated by visualizing the prostate in 
the sagittal, coronal, and oblique coronal planes. 
These zones cannot be grossly dissected from 
one another, but rather are tightly fused within a 
common sheath of fibromuscular tissue known as 
the “prostatic capsule.”

McNeal defined the relationship of these 
zones to the prostatic urethra and specified their 

location along the proximal/distal urethral axis. 
When visualized in the sagittal plane, the pros-
tatic urethra is divided into proximal and distal 
segments by an anterior angulation at the mid-
point between the prostate apex (distal) and 
bladder neck (proximal) [3]. The verumontanum 
protrudes from the posterior urethral wall at the 
point of angulation and is the point at which the 
ejaculatory ducts empty into the prostatic ure-
thra. The ejaculatory ducts then extend toward 
the base (proximally), following a course that 
is nearly a direct extension of the long axis of 
the distal (apex to mid-gland) urethral segment 
(Fig. 1.1).

Coronal sections along the course of the ejac-
ulatory ducts and distal (apex to mid-gland) ure-
thral segment demonstrate the anatomic relation-
ships between the two major glandular zones of 
the prostate, the peripheral and central zones [1]. 
The peripheral zone (PZ) comprises about 65 % 
of glandular prostatic mass and its ducts exit bi-
laterally from the posterior urethral wall at the 
verumontanum to the prostate apex with branch-
es that curve anteriorly and posteriorly. The 
central zone (CZ) comprises about 30 % of the 
glandular prostate, with ducts branching from the 
verumontanum (mid-gland) and fanning out to-
ward the base, in a flattened conical arrangement, 
to surround the ejaculatory duct orifices. Oblique 
coronal sections along the proximal (mid to base) 
prostatic urethra from verumontanum to bladder 
neck best define the transition zone (TZ), which 
normally encompasses about 5 % of the prostatic 
glandular tissue [2]. This zone is formed by two 

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_1,
© Springer Science+Business Media New York 2015



4 S. W. Fine and R. Mehra

small lobes whose ducts leave the posterolateral 
urethral wall and curve anteromedially. The main 
nonglandular tissue of the prostate is the anterior 
fibromuscular stroma, which overlies the urethra 
in the anteromedial prostate. Its bulk and consis-
tency vary considerably from apex to base. Mc-
Neal considered this stroma as a wedge-shaped 
stromal barrier, shielding the prostatic urethra 
and glandular zones from overlying structures 
[4].

As McNeal’s dissections in various planes 
were conducted in autopsy specimens, they like-
ly reflect the cone-shaped organ seen in vivo. In 
contrast, radical prostatectomy specimens are 
typically spherical, owing to surgical manipu-
lation, tissue contraction at removal and subse-
quent processing. Sectioning from apex to base 
in the anterior-posterior fashion common in sur-
gical pathology practice yields topography that 
varies from McNeal’s descriptions. Recent stud-
ies of whole mounted, serially sectioned and to-
tally embedded radical prostatectomy specimens 
have highlighted underappreciated histopatho-
logic features of glandular and stromal prostatic 
anatomy [5, 6].

Anatomy of the Prostate Gland 
in Surgical Pathology Specimens: 
Histologic Variation by Anatomic 
Region

Apical One Third of the Prostate (Apex)

In a surgical pathology specimen sectioned from 
anterior to posterior, the apical (distal) urethra is 
located near the center of the section (Fig. 1.2). 
Tissue shrinkage due to formalin fixation and 
processing artifactually shortens the distance 
from prostatic apex to verumontanum and everts 
the posterior peri-urethral tissue into the urethral 
space. These effects create an artificial “prom-
ontory” in the apical portions of the gland. The 
urethra is immediately surrounded by a thin stro-
ma and variable number of peri-urethral glands, 
which intermingle anteriorly with a semicircular 
band (“sphincter”) of compactly arranged and 
vertically oriented muscle fibers. This semicir-
cular band is incomplete posterior to the urethra, 
appearing as a densely eosinophilic, aglandular, 
muscular column extending posteriorly from the 
urethra and serving as an important histopatho-
logic landmark for apical prostatic tissue.

Fig. 1.1  Sagittal plane view of the prostate gland. (Reprinted with permission, Cleveland Clinic Center for Medical Art 
& Photography © 2014, all rights reserved)
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Further anterior to the semicircular muscle, 
the anterior fibromuscular stroma, intertwined at 
the apex with skeletal muscle fibers of the uro-
genital diaphragm, traverses horizontally and 
laterally and extends to the anterior- and apical-
most aspects of the prostate. Unlike in the pos-
terior and posterolateral prostate, the “prostatic 
capsule” is incomplete at the prostatic apex, ante-
rior and anterolaterally, lacking a definitive bor-
der. Hence, the task of separating prostatic from 
extraprostatic tissue can be challenging in these 
regions of the gland. While heightened intrapros-
tatic pressure may cause bulging of hypertrophic 
TZ acini, no normal TZ tissue is located in the 
prostatic apex. The bilateral PZ, which composes 
essentially all of the glandular tissue at the apex, 
occupies the posterior, lateral, and anterolateral 
prostate, abuts the anterior fibromuscular stroma 
medially and forms a nearly complete ring [5].

Middle One Third of the Prostate 
(Mid-Gland)

The key anatomic landmark in the mid-gland 
is the verumontanum, the exaggerated area of 

glandular-stromal tissue, located subjacent to 
the posterior urethral wall, into which the ejacu-
latory ducts insert and from which the glandular 
zones arise [4]. The verumontanum was identi-
fied by McNeal as the point of a 35° angulation, 
which divides the urethra into proximal (toward 
the base) and distal (toward the apex) segments. 
At mid-gland, the TZ emerges as bilateral lobes 
in the anteromedial region. In whole mount 
sections, the TZ ducts can be identified cours-
ing anterolaterally from the posterior urethra to 
serve as a boundary between transition and PZs. 
In prostates without significant benign prostatic 
hypertrophy, the PZ still composes the posteri-
or, lateral, and the majority of anterolateral tis-
sue at the mid-gland (Fig. 1.3a). When benign 
processes including hypertrophy and adenosis 
prominently involve the TZ, the anterolateral 
“horns” of the PZ may be significantly com-
pressed toward the lateral-most portions of the 
gland (Fig. 1.3b). In the mid-prostate, the an-
terior fibromuscular stroma may be fused with 
skeletal muscle fibers (of levator ani origin) as 
well, but may be less evident due to increased 
glandular density and the effects of organ con-
traction [5, 6].

Basal One Third of the Prostate (Base)

From mid-gland to base, the urethra is progres-
sively invested by a thick layer of short smooth 
muscle fibers, constituting the “preprostatic 
sphincter,” thought to function during ejacula-
tion to prevent retrograde flow of seminal fluid 
and to maintain resting tone that ensures closure 
of the proximal urethral segment [2]. At the base, 
TZ glands gradually recede and few remaining 
PZ acini once again comprise the anterior glan-
dular tissue. Unlike at the apex, PZ glands rarely 
extend anteromedially due to the vast stroma in 
this region. This stroma appears as an expansive 
swath of tissue comprised of both preprostatic 
sphincter and anterior fibromuscular stroma, 
with the latter often merging anteriorly with 
large smooth muscle bundles located in the ante-
rior extraprostatic space (Fig. 1.4). With increas-
ing angulation, the prostatic urethra is identified 

Fig. 1.2  Whole mount section from apex of prostate. The 
urethra and promontory ( P) are central and proceeding 
anteriorly, the semicircular sphincter ( SCS) and anterior 
fibromuscular stroma ( AFMS) are visualized. The pos-
terior, lateral, and anterolateral portions of the apex are 
composed of peripheral zone ( PZ) tissue. Most anteriorly, 
the anterior extraprostatic space ( AEPS) contains vascular 
and adipose remnants of the dorsal vascular complex
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further anteriorly in histologic sections, eventu-
ally breaching the anterior-most border of tissue 
sections at the level of the bladder neck, a region 
which also contains no clear “capsule.” Poste-
rior to the urethra, the ejaculatory ducts emerge 
and are immediately encircled by a sheath of 
fibrous tissue with abundant lymphovascular 
spaces. Posterolaterally, central zone glands sur-
round the ejaculatory duct sheath. In the most 
basal portions of the gland, the distinct muscu-
lar coat at the base of the seminal vesicles forms 
and separates from the bulk of the prostatic tis-
sue creating a fibroadipose tissue septum. The 
last vestiges of the central zone are present at 
the most lateral aspects of the emerging seminal 
vesicles [5, 6].

Extraprostatic Tissue

In vivo, the tissue immediately anterior to the 
prostate is the dorsal venous or vascular complex, 
a series of veins and arteries set in fibroadipose 

Fig. 1.4  Whole mount section from base of prostate. The 
preprostatic sphincter ( PPS) is evident as a pale area sur-
rounding the proximal urethra. The transition zone ( TZ) 
shows abortive small acini and is covered anteriorly by 
a vast anterior fibromuscular stroma ( AFMS), which 
merges with smooth muscle bundles in the anterior extra-
prostatic space ( AEPS). Posteriorly, the expansive central 
zone ( CZ) surrounds the ejaculatory duct complex ( EJD), 
while some peripheral zone ( PZ) is still apparent laterally

 

Fig. 1.3  a Whole mount section from mid-prostate at the 
level of the verumontanum ( V). Note the bilobed transi-
tion zone ( TZ) arising from elongated ducts ( D), which 
course anteromedially. The peripheral zone ( PZ) still oc-
cupies the posterior, lateral, and anterolateral portions of 
the gland, with a cancer nodule ( CA) evident in the right 
anterior peripheral zone. In the mid-prostate, the anterior 
fibromuscular stroma ( AFMS) is much condensed and the 

anterior extraprostatic space ( AEPS) largely retains its 
apical content. b Whole mount section from mid-prostate 
at the level of the verumontanum ( V) in a gland with ex-
tensive benign prostatic hypertrophy ( BPH). Anterolat-
eral “horns” of the peripheral zone ( PZ) are compressed 
laterally by the expanded transition zone tissue and the 
anterior fibromuscular stroma ( AFMS) is diminished in 
extent
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tissue that runs over the anterior prostate and 
continues distally to supply/drain the penis. At 
radical prostatectomy, the complex is ligated 
and divided, with a portion of the blood vessels 
and fibroadipose tissue adhering to the prostate 
specimen. These are identified in the anterior ex-
traprostatic tissue from apex through mid-gland 
(Fig. 1.3a, 1.3b), while the most proximal (basal) 
2–3 sections reveal medium- to large-sized 
smooth muscles’ bundles admixed with adipose 
tissue [5, 6]. These fibers are morphologically 
identical to those of the muscularis propria (de-
trusor muscle) of the bladder and probably rep-
resent a detrusor muscle extension over the pros-
tatic base to mid-gland (Fig. 1.4).

Over the medial half of the posterior surface 
of the prostate, the “capsule” is thickened by its 
fusion to Denonvilliers’ fascia, a thin collagenous 
membrane whose smooth posterior surface rests 
directly against the muscle of the rectal wall. The 
prostatic “capsule” is fused to the fascia with an 
interposed adipose layer containing a variable 
number of smooth muscle fibers. These smooth 
muscle fibers may cause confusion in determin-
ing the presence of extraprostatic extension as 
they complicate assessment of the outer border 
of the prostate [6].

Clinical and Diagnostic Significance  
of Prostatic Anatomy and  
Histomorphology

Clinicopathologic Features  
and Pathologic Outcomes  
of Anterior Prostate Cancers

Since the late 1980s, a number of authors have 
argued that TZ tumors could be identified using 
distinctive histomorphologic criteria [7]. McNeal 
and colleagues described “clear cell” histology 
[8] as discrete glands of variable size and con-
tour, composed of tall cuboidal to columnar cells 
with clear-to-pale pink cytoplasm, basally ori-
ented nuclei, and occasional eosinophilic luminal 
secretions (Fig. 1.5). In a small series, McNeal 
et al. demonstrated that this morphology predom-

inated in up to two thirds of TZ-dominant cancers 
and nearly 75 % of incidental small TZ tumors di-
agnosed on transurethral resection specimens and 
was associated with a high percentage of Gleason 
pattern 1–2 cancer foci. It was concluded that this 
“clear cell” appearance was a marker of TZ tu-
mors and more globally, of low-grade lesions [8].

Nearly two decades later, Garcia et al. stud-
ied dominant prostatic lesions from both the pe-
ripheral and TZs and confirmed that this tumor 
appearance is present to some extent in the ma-
jority of TZ tumors and was more commonly 
the predominant morphology in TZ tumors than 
in PZ tumors (ratio > 5:1). However, they also 
found that “clear cell” histology is the predomi-
nant morphology in only 50 % of TZ-dominant 
tumors [9]. A careful look at McNeal’s original 
work reveals that 51 % of PZ-dominant tumors 
exhibited some “clear cell” histology, with 21 % 
of these showing ≥ 20 % [8]. Garcia et al. simi-
larly found that 43 % of PZ-dominant tumors dis-
played some “clear cell” histology and that 35 % 
of these showed > 25 % [9].

The finding of nonfocal “clear cell” morphol-
ogy in peripheral-zone dominant prostate can-
cers is relevant to assignment of zonal origin for 
prostate cancer. The significant degree of vari-
ability in anterior prostatic anatomy described 
earlier—specifically, the proportions of PZ and 
TZ tissues in this region from apex to base—may 
engender difficulty in assessing zone of origin. 

Fig. 1.5  Clear cell histology with variably shaped glands 
displaying pale cytoplasm and basally oriented nuclei
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In such cases with anatomic complexity, finding 
25–50 % (nonfocal) “clear cell” histology in an 
anterior tumor will not help establishing its zonal 
origin. It has also been shown that the presence or 
absence of “clear cell” histology in needle biopsy 
specimens does not correlate with the presence of 
TZ tumor at radical prostatectomy [10].

Most studies that have compared tumors of 
TZ and PZ origin have ascribed a more indolent 
course, higher cure rate, and overall more favor-
able prognosis for TZ tumors when compared 
with PZ tumors [7, 11–13]. Although larger 
volumes and higher serum prostate-specific an-
tigen (PSA) values have been described for TZ 
tumors, most reports have maintained that TZ 
tumors show significantly lower Gleason scores. 
However, classification of TZ cancers was often 
founded upon recognizing “clear cell” histology 
and these TZ tumors were compared with poste-
rior PZ cancers. Until recently, few studies have 
compared TZ tumors with those arising in the an-
terior PZ, the predominant glandular tissue of the 
apical prostate.

In line with the contemporary anatomic analy-
sis presented in this chapter, Al-Ahmadie et al. 
undertook a detailed analysis of 197 anterior-
dominant tumors, emphasizing the variability 
of anterior prostatic anatomy from apex through 
base in determining zone of origin and patho-
logical staging. They showed that the majority of 
anterior-dominant tumors are actually of anterior 
PZ origin (49 vs 36 %; the remainder involved 
both zones equally). In comparing cases of an-
terior PZ origin and TZ origin, no significant 
differences in Gleason scores, incidence of ex-
traprostatic extension or overall surgical margin 
positivity rate were observed [14]. This anatomy-
sensitive approach (a) revealed the propensity of 
anterior PZ tumors to involve the apical one third 
of the prostate; (b) demonstrated that invasion of 
the anterior fibromuscular stroma may be seen 
in ~ 50 % of anterior PZ tumors, reflecting the 
nearly complete ring that this tissue forms in the 
surgically resected prostate; and (c) allowed for 
an “apples to apples” comparison of exclusively 
anterior-dominant tumors which may show dif-
ferences in pathologic stage compared with pos-
terior tumors due to significant differences in 

nerve density [15] and difficulties in assessing 
extraprostatic extension in a region without a de-
finitive “capsule.” In the future, it is hoped that 
accurate histoanatomic classification of anterior 
prostatic tumors will enable more meaningful 
long-term clinical outcome and molecular analy-
ses to assess differences in biology and behavior 
between tumors of differing zonal origin.

Biopsy Sampling Strategies  
for the Anterior Prostate

Among multiple changes to the diagnostic arma-
mentarium for prostate cancer over the past two 
decades, systematic needle biopsies—now rou-
tinely 12-core—combined with aggressive PSA 
screening protocols have led to a profound clini-
cal and pathologic stage migration toward non-
palpable tumors (cT1c), organ-confined disease 
(pT2), and improved clinical outcomes. Conse-
quently, early detection of lower volume poste-
rior tumors has increased, as these cancers are 
most readily biopsied with the standard transrec-
tal approach. As a result, a trend toward dominant 
anterior prostatic tumors has been reported [14]. 
A significant percentage is located in the pros-
tatic TZ and are typically more difficult to detect 
by digital rectal examination, poorly visualized 
on imaging and require more biopsy sessions 
to establish a diagnosis. Even when diagnosed, 
biopsies usually yield fewer involved cores and 
less total tumor length, complicating the assess-
ment of cancer volume [16]. Therefore, the need 
for a needle biopsy technique that can adequately 
sample the anterior prostate is crucial [6].

The value of transrectal needle biopsies di-
rected at the TZ in prostate cancer detection has 
been most extensively examined, with conflict-
ing results. While some have shown utility for 
such biopsies in patients with previous negative 
biopsy sessions or “gray-zone” (4.0–9.9 ng/ml) 
PSA levels [17], most have argued against using 
TZ-directed biopsies in routine protocols, due to 
relatively low rates of cancer detection over tra-
ditional transrectal biopsy alone [18]. Few stud-
ies have correlated cancer seen in TZ-directed 
needle biopsies with that seen in prostatectomy 
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specimens and/or the clinical relevance of these 
tumors. Haarer et al., working in an environ-
ment with routine sampling of TZ in needle bi-
opsies, compared prostate cancers detected in 
TZ-directed needle biopsies with those seen in 
corresponding radical prostatectomy specimens. 
Among 61 patients in whom cancer was present 
on a TZ-directed needle biopsy, 80 % had either 
no tumor in the TZ or nondominant and clinically 
insignificant TZ cancer at radical prostatectomy. 
Similarly, nearly 50 % of cases with cancer in left 
or right TZ-directed needle biopsy, respectively, 
showed either no TZ tumor or tumor in the con-
tralateral TZ only at radical prostatectomy. These 
collective findings suggest that TZ-directed nee-
dle biopsies do not adequately characterize TZ 
tumors and therefore care should be taken in their 
interpretation [10].

Beyond TZ-directed biopsies, a litany of biop-
sy strategies that may more accurately target the 
anterior prostate have been proposed, including 
anterior lateral horn biopsy, “extreme” anterior 
apical biopsy, transperineal biopsy with or with-
out template mapping, and “saturation” biopsy. 
These techniques are worthy of consideration 
due to the increasing prevalence of anterior-dom-
inant lesions.

Moussa et al. have shown that a scheme add-
ing two extreme anterior apical biopsies to a 
standard 12-core biopsy achieves both the high-
est rates of both cancer detection when compared 
with ≤ 12-core schemes and the highest rate of 
unique cancer detection (i.e., in these cores only) 
when all regions were considered [19]. Among 
the largest studies of patients undergoing trans-
perineal template mapping biopsy, Taira et al. 
studied 373 men (median: 57 cores), including 
79 patients for whom this was the initial biopsy. 
They found a very high cancer detection rate of 
76 % in the initial biopsy group, as well as a high 
rate of positive cancer cores in the anterior and 
apical regions both in this group and more promi-
nently in patients with one or more previous neg-
ative biopsies [20]. Moreover, Patel et al., in a 
study of 539 patients using transperineal template 
mapping biopsy (median: 58 cores), determined 
that of 287 patients with cancer, 130 (45 %) had 
cancer in a transperineal TZ-directed biopsy. Of 

these, only 4 of 130 were clinically insignificant 
[21]. “Saturation” biopsy is a somewhat loosely 
applied term indicating biopsy schema with 20 
or more transrectal cores taken in a systematic 
fashion. Although attempted by many, a system-
atic review has demonstrated that no significant 
cancer detection benefit accrues by taking great-
er than 12 cores [22]. Regarding anterior pros-
tatic tumor detection, Falzarano and colleagues 
conducted a study which compared 72 patients 
with saturation biopsy (median: 21 cores) who 
underwent subsequent radical prostatectomy. 
Thirty-five of 39 patients with unilateral cancer 
on saturation biopsy showed bilateral cancers at 
prostatectomy. Eleven of these 35 had a clinically 
significant cancer in the lobe that was benign on 
saturation biopsy, with 10 of 11 located in the 
anterior-apical or TZ regions [23].

Taken together, these findings offer some 
hope that more precise detection of anteriorly 
localized prostatic tumors is possible. The major-
ity of studies, however, have been performed in 
repeat biopsy or multiple negative prior biopsy 
settings with most arguing that such efforts do 
not improve cancer detection in the initial biopsy 
setting [6]. As in the case of TZ-directed needle 
biopsies, the true focus has been on cancer detec-
tion, rather than localization of tumor and there-
fore, relatively little correlative data with radical 
prostatectomy specimens exists. At this time, 
therefore, the ideal methodology for adequately 
sampling the anterior prostate awaits further 
study.

Prostatic Central Zone in Needle  
Biopsy Specimens

The prostatic central zone is a cone-like region 
running from the mid to the base of the prostate, 
where its glands surround the ejaculatory duct 
complex and lie adjacent to the seminal vesicles 
at the base in routine surgical pathology sections. 
Recent radiologic and pathologic studies have 
demonstrated that prostate cancers involving 
central zone are associated with more aggressive 
disease—higher PSA values, Gleason scores, 
and rates of extracapsular extension and seminal  
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vesicle invasion—than those without central 
zone involvement [24]. While some have con-
sidered these tumors “central zone cancers,” 
this phenomenon is probably better explained 
by large and high-grade PZ tumors near the base 
of the prostate invading adjacent local structures 
such as the seminal vesicles.

As opposed to the glandular component of 
the peripheral and TZs, central zone glands 
are thought to be of Wolffian origin, similar 
to the ejaculatory ducts/seminal vesicles. This 
is reflected in the morphologic appearance of 
central zone glands which are characterized by 
complex glands with papillary to cribriform ar-
chitecture at low magnification and extensive 
epithelial bridging, often with classic “Roman 
arches.” At higher power, these glands have 
pseudo-stratified columnar epithelium com-
posed of cells with eosinophilic cytoplasm and 
an underlying prominent basal cell layer [25] 
(Fig. 1.6).

In needle biopsy specimens, central zone 
histology is one of the most common mimics 
of high-grade prostatic intraepithelial neoplasia 
(PIN) due to their ample low-power architectural 
overlap. As the dark cytoplasm of high-grade 
PIN may range from basophilic to eosinophilic 
depending on the histologic preparation, the eye 
is easily drawn to central zone glands at low 
magnification as foci suspicious for high-grade 
PIN. The lack of cytologic atypia and the promi-
nent basal cell layer in central zone glands are 

two features aiding their distinction from PIN 
glands which exhibit at least some degree of 
macronucleoli and focal, patchy basal cells on H 
& E. Given the localization of the central zone, 
caution must be applied in diagnosing high-
grade PIN in mid-base biopsies. In practice, an 
increased threshold for evaluation of nuclear and 
nucleolar atypia should be considered in this set-
ting [6].

Cancer Involving Skeletal Muscle  
on Needle Biopsy

The apical-anterior portions of the prostate con-
tain smooth muscle which interdigitates with 
skeletal muscle fibers of the urogenital dia-
phragm in the context of the anterior fibromus-
cular stroma [5]. These regions may also contain 
benign and/or malignant glands and hence, it is 
important to recognize that finding glands within 
or adjacent to skeletal muscle is not diagnostic 
of carcinoma (for benign-appearing glands) or 
diagnostic of extraprostatic extension (for ma-
lignant-appearing glands). The one significant 
study comparing radical prostatectomy outcomes 
between biopsies with Gleason score 6 cancer 
involving one core with skeletal muscle involve-
ment and similar cases without skeletal muscle 
involvement highlighted the lack of statistically 
significant differences in rates of Gleason score 
> 6, extraprostatic extension or surgical margin 
positivity between the two groups at subsequent 
radical prostatectomy [26]. Hence, prostate can-
cers demonstrating skeletal muscle involvement 
on needle biopsy (Fig. 1.7) may not be more 
aggressive than other cases. Patients with skel-
etal muscle involvement on needle biopsy often 
showed positive surgical margins located at the 
apex and surgeons may choose to extend their 
apical dissection to avoid a positive margin.

Extraprostatic Extension on Needle 
Biopsy

Although peri-prostatic tissue, in the form of 
neural, lymphovascular, and adipose tissue, 
may be found in up to three-quarters of prostatic 

Fig. 1.6  Central zone epithelium in prostate needle bi-
opsy displaying eosinophilic cytoplasm, prominent basal 
cell layer, and an intraepithelial bridge (“Roman arch”)
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needle biopsies, the finding of carcinoma in 
peri-prostatic adipose tissue is exceedingly rare. 
Whether fat cells may be present within the 
prostatic parenchyma has been debated and is 
at most exceptionally rare. Hence, tumor infil-
trating fat in a needle biopsy specimen should 
be diagnosed as extraprostatic extension. When 
present, this fat is typically found at the tips of 
needle cores. The single formal study of extra-
prostatic extension detected on biopsy found a 
strong association with extensive, high-grade 
carcinoma in the needle biopsy specimen and 
a high incidence of ≥ pT3a disease in patients 
who underwent radical prostatectomy [27]. For 
biopsies with a low magnification appearance of 
abundant high-grade disease, it is a useful prac-
tice to survey any available adipose tissue to ex-
clude the possibility of extraprostatic extension 
[6].

Seminal Vesicle/Ejaculatory Duct  
on Needle Biopsy

Seminal vesicle tissue or, more commonly, 
ejaculatory duct tissue may be seen in needle 
biopsies from the mid or base of the prostate, 
occasionally as a result of specific sampling. 
The seminal vesicle is characterized by a coat of 
smooth muscle encircling a central lumen with 
branching glands. Tangential sampling of these 
branching glands on needle biopsy may produce 

a small gland pattern architecturally reminiscent 
of acinar carcinoma. Enlarged, often bizarre 
hyperchromatic nuclei, small nuclear pseudo-
inclusions, and a variable amount of cytoplasmic 
golden-brown lipofuscin are helpful features 
to distinguish seminal vesicle-type epithelium. 
However, when the epithelial atypia and pig-
mentation are not prominent, a diagnostic chal-
lenge may result. In problematic cases, negative 
labeling for PSA and prostatic acid phosphatase, 
coupled with basal cell labeling with high mo-
lecular weight cytokeratin or p63 is helpful in 
distinguishing seminal vesicle glands from aci-
nar carcinoma.

Ejaculatory duct epithelium is similar to that 
of the seminal vesicle. Ejaculatory ducts, how-
ever, are more typically surrounded by a band 
of loose fibrovascular connective tissue and 
lack the well-formed muscular coat of seminal 
vesicle. If detected, this distinction may be of 
clinical importance since the presence of carci-
noma in ejaculatory duct tissue does not indicate 
extraprostatic disease whereas carcinomatous 
involvement of seminal vesicle proper indicates 
high-stage disease and an adverse prognosis 
[28].

Conclusion

In this chapter, we have provided a modern up-
date of our understanding of prostatic anatomy 
and its clinical implications for identifying and 
classifying prostatic tumors. We have high-
lighted an anatomy-sensitive approach for as-
signing zonal origin, various biopsy strategies 
proposed for detecting anterior tumors, and 
instances in which recognition of normal ana-
tomic variation may influence needle biopsy 
interpretation.
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Historical Background and Context

Nearly half a century ago, in 1966, the patholo-
gist Donald Gleason developed a grading system 
(Fig. 2.1a, b) for prostatic adenocarcinoma [1], 
which has been embraced almost universally as 
an essential component of prostate adenocar-
cinoma grading and reporting. Over time, the 
system has been modified by Gleason and his 
collaborators and by others [1–5]. Despite the 
modifications in the past four decades, the Glea-
son grading system has been validated as a fun-
damental prognostic factor for prostate cancer, 
both on biopsy and on radical prostatectomy 
(RP), of patient outcomes, including biochemi-
cal failure, local recurrence, and lymph node or 
distant metastasis. Gleason score (GS) has also 
been incorporated in clinical tools, such as Partin 
tables and Kattan nomograms, which are used to 
predict pathologic stage and outcome following 
RP or radiotherapy. GS on needle biopsy is also 
utilized to determine treatment selection, such 
as active surveillance, RP, brachytherapy, lymph 
node dissection, and the extent of neurovascular 
bundle resection.

The Gleason system is based on low-power 
microscopic assessment (×4 or ×10) of the can-
cer architecture. The key principle of the grad-
ing is based on the use of two most common 

cancer grades (out of possible 5), primary plus 
 secondary grade, to produce a GS, which theo-
retically ranges from 2 to 10. When only a single 
grade is identified, it is doubled to yield a GS. 
The terms “pattern” and “grade” have also been 
retained. Typically, pattern is used to describe 
one or more of the morphologic variations, while 
grade is used in a more encompassing way, to in-
clude all pattern variations within a certain grade.

In clinical practice, the diagnosis of prostate 
cancer and its management have also evolved 
over the last few decades, first by introduction 
of prostate-specific antigen (PSA) testing in the 
late 1980s, and the extensive use of RP. Prostate 
cancer incidence has also changed since the in-
troduction of PSA testing, first demonstrating an 
increase and then a drop; more recently, mortal-
ity, primarily in the Western countries, has also 
decreased [6]. Thus, in current practice, patients 
are diagnosed earlier, at a younger age, with 
smaller cancer volumes and lower stage disease 
[7]. During the last two decades, the practice 
of thin-needle prostate biopsies (16–18 gauge) 
has also taken place, first as sextant (six core) 
biopsies, and then as systematic and extended 
prostate biopsies, with at least ten tissue cores 
sampled from different prostate sites (apex, mid, 
base). The biopsies are also commonly submitted 
in a site-specific fashion. In contrast, Gleason de-
veloped his system on tissue samples from large-
bore biopsies (14 gauge) without a site-specific 
submission, and on transurethral resection of 
prostate and prostatectomy specimens. In addi-
tion, immunohistochemistry was not available in 
the era when the system was developed, variants 
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of adenocarcinoma and certain morphologic pat-
terns were not recognized, and the significance 
of the tertiary grade remained uncertain. Around 
the turn of the century, it also became evident 
that there are differences in the application of 
the Gleason system among pathologists (i.e., in-
terobserver variability), particularly in the evolv-
ing needle biopsy practice. Pathologists used the 
Gleason system based on their own understand-
ing, interpretation, or preference. Thus, it was 
necessary to establish a consensus and to codify 
the application of the Gleason system to corre-
spond with the clinical practice in the twenty-
first century.

International Society of Urologic 
Pathology 2005 Modification  
of the Gleason System

In March 2005, a consensus conference was con-
vened by the International Society of Urologic 
 Pathology (ISUP) in San Antonio, TX, USA, in an 
effort to standardize and unify the use of the Glea-
son grading system [4]. Specific areas of the origi-
nal Gleason System reviewed at the 2005 ISUP 
conference are illustrated in Table 2.1. A “consen-
sus” was defined when two third of the partici-
pants were in agreement on certain questions. This 
effort resulted in the 2005 ISUP modified Glea-
son system, which, similar to the original Gleason 
system, outlined the morphologic patterns 1–5 

Fig. 2.1  Comparison of the diagrams of the original Gleason grading system (a) and the ISUP 2005 modified Gleason 
grading system (b). (a Used with permission from [5]. b Used with permission from [4])
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(shown in Table 2.2), which are accompanied by a 
diagram for the modified Gleason system (shown 
with the original Gleason system for comparison 
in Fig. 2.1a, b). The differences between the origi-
nal Gleason system and the 2005 ISUP modified 
Gleason system are summarized in Table 2.3 [4, 
8]. The 2005 ISUP modified Gleason system reit-
erated the following points (Table 2.4):

a. GS represents the sum of the primary (most 
predominant) Gleason grade and the sec-
ondary (second most predominant) Gleason 
grade. However, in needle biopsies, this prin-
ciple was modified to include any component 
of higher grade than the second most predomi-
nant grade as the secondary grade. Thus, on 
needle biopsy the GS is derived based on the 
primary and the highest (worst) grade.

b. The reporting of the grade should be accompa-
nied by using the words “pattern” or “grade,” 
and it is therefore not acceptable to report only 

“Gleason 3” because it is unclear whether this 
represents grade (pattern) or score.

c. GS 1 + 1 = 2 on needle biopsy should rarely, if 
ever, be reported and should be carefully con-
sidered in practice, in any type of specimen. 
These cancers are extraordinarily rare in nee-
dle biopsies, although they can be infrequently 
seen in transurethral or RP specimens. There is 
a poor reproducibility even among experts in 
grading lower-grade tumors. Cancers that are 
assigned GS 2–4 on needle biopsy correlate 
poorly with RP GS and these “low” scores may 
misguide clinicians and misinform patients 
into considering these tumors as indolent.

d. Individual cells are not part of Gleason pattern 3.
e. Most cribriform glands are diagnosed as 

Gleason pattern 4. Only rare cribriform glands 
satisfy the stringent diagnostic criteria re-
quired for the diagnosis of cribriform pattern 
3: rounded, well-circumscribed glands of the 
same size as the normal glands.

Table 2.1  Specific areas of the original Gleason grading system reviewed at the 2005 International Society of Uro-
logical Pathology (ISUP) conference
1 General applications of the Gleason grading system
2 Defining Gleason patterns 1–5
3 Grading variants and variations of acinar adenocarcinoma of the prostate
4 Reporting secondary patterns of lower grade when present to a limited extent
5 Reporting secondary patterns of higher grade when present to a limited extent
6 Tertiary Gleason patterns
7 Percentage of patterns 4–5
8 Radical prostatectomy specimens with separate tumor nodules
9 Needle biopsies with different cores showing different grades

Table 2.2  The architectural patterns 1–5 according to the 2005 International Society of Urologic Pathology modified 
Gleason system
Gleason
Pattern
1 Circumscribed nodule of closely packed, but separate, uniform, rounded to oval, medium-sized acini 

(larger glands than pattern 3)
2 Like pattern 1, fairly circumscribed, but at the edge of the tumor nodule, there may be minimal infiltra-

tion; glands are more loosely arranged and not quite as uniform as Gleason pattern 1
3 Discrete glandular units, typically smaller glands than seen in Gleason pattern 1 and 2; infiltrates in 

and amongst nonneoplastic prostate acini; marked variation in size and shape; smoothly circumscribed 
small cribriform nodules of tumor

4 Fused microacinar glands; ill-defined glands with poorly formed glandular lumina; large, cribriform 
glands; cribriform glands with an irregular border, hypernephromatoid

5 Essentially no glandular differentiation, composed of solid sheets, cords, or single cells; comedocarci-
noma with central necrosis surrounded by papillary, cribriform, or solid masses
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f. Morphologic variants of acinar adenocarcino-
ma, such as pseudohyperplastic and foamy ad-
enocarcinoma, should be graded on the basis 
of the underlying architecture.

g. A secondary pattern of lower-grade cancer, 
when it occupies less than 5 % of tumor, 
should be ignored and not reported as part of 
the GS, both on needle biopsy and RP.

h. High-grade tumor of any quantity, even when 
occupying less than 5 % of the tumor, should 

always be included and reported within the 
GS on needle biopsy.

i. When a tertiary Gleason pattern is present, GS 
on biopsy should be derived by adding the pri-
mary and the highest (worst) pattern, whereas 
on RP, the tertiary pattern (the least common 
pattern), should be reported separately if it is 
of higher grade than the primary and the sec-
ondary patterns.

Table 2.3  Differences between the original Gleason system and the 2005 International Society of Urologic Pathology 
(ISUP) modified Gleason system
Original Gleason system 2005 ISUP modified Gleason system
Diagnosis of GS < 4 can be made on NB Diagnosis of GS < 4 on NB specimens rarely, if ever, 

made
Cribriform glands with rounded and smooth contours as 
well as cribriform glands with an irregular outer border 
are diagnosed as Gleason pattern 3

Most cribriform glands would be diagnosed as Gleason 
pattern 4. Only rounded, well-circumscribed glands of 
the same size as normal ones, would be diagnosed as 
cribriform pattern

The same GS is used for NB and RP specimens Different GS are used for NB and RP specimens
High-grade tumor of small quantity (< 5 %) on NB 
should be excluded based on GS (5 % threshold rule)

High-grade tumor of any quantity on NB should be 
included within the GS

GS on NB based on the primary and the secondary pat-
terns, with an exclusion of the tertiary one

If tertiary pattern is present on NB, GS is based on the 
primary pattern and the highest pattern

GS on RP specimens should be assigned based on the 
primary and secondary patterns (tertiary should not be 
included or mentioned)

GS on RP specimens is based on the primary and the 
secondary patterns; if tertiary, higher pattern is present, it 
is reported separately as a tertiary one

Separate or overall GS reported for all cores or tissue 
fragments on NB specimens

When NB specimens show different grades in separate 
cores, individual GS should be assigned to intact positive 
cores; overall GS is optional

The Gleason grade from the largest tumor nodule on 
RP should be assigned as GS, even if the second larger 
nodule is of higher grade

When RP specimens show different grades in separate 
tumor nodules, a separate GS should be assigned to each 
nodule, irrespective of the size

GS Gleason score, NB needle biopsy, RP radical prostatectomy

Table 2.4  Reporting recommendations for special Gleason grading scenarios
Scenario Recommendation
Only one grade present (e.g., GG 3) Double that grade (assign GS 3 + 3  =  6)
Abundant high-grade cancer (e.g., GG 4) with < 5  % 
lower-grade cancer

Ignore the lower-grade cancer (assign GS 4 +  4  =  8)

Small focus with mostly GG 4 and few glands of GG 3 If GG 3 occupies > 5 %, include lower-grade cancer 
(assign GS 4 + 3 = 7)

Abundant GG 3 with any extent of GG 4 Include the higher grade (assign GS 3  +  4  =  7)
Three grades (e.g., GG 3, 4, and 5) present Classify as high grade (assign most common plus highest 

grade)
NB: multiple cores showing different grades—cores 
submitted separately and/or with designated location

Assign separate GS to each core

NB: multiple cores showing different grades—all cores 
were submitted in one container or cores are fragmented

Assign overall GS for the specimen

GG  Gleason grade, GS  Gleason score, NB  needle biopsy
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j. When separate tumor nodules with different 
Gleason patterns are encountered on RP, they 
should be scored and reported separately.

k. It remains optional to include the actual per-
centage of Gleason patterns 4 or 5 in a report.

l. For needle biopsies containing different 
cores with different cancer grades, separate 
GS should be assigned for individual posi-
tive cores, if they are submitted in separate 
containers or if the cores are in the same con-
tainer, but have a designated location (for ex-
ample, if marked by different ink color). An 
optional, overall GS can be provided at the 
end of the case for all positive biopsy cores. 
The overall (global) GS follows the general 
rule of primary (most predominant) Gleason 
grade and secondary (second most predomi-
nant) Gleason grade [9, 10]. When a container 
has multiple fragmented cores and it is unclear 
whether they represent intact cores or multiple 
cores, an overall score should be provided for 
all fragments in the container.

Changes and Trends in Practice  
in Interpreting Gleason Grades  
1–5 After the 2005 ISUP  
Consensus Conference

The 2005 ISUP modified Gleason system was 
widely promoted and embraced in routine prac-
tice after the consensus conference and the 
subsequent publication, although certain is-
sues  remained unresolved. The main trends and 
changes in the use of individual grades in pathol-
ogy practice after 2005 were as follows:

Gleason Grade 1

Since the 2005 ISUP consensus conference con-
cluded that Gleason grade 1 tumors should be 
diagnosed “rarely, if ever,” the use of pattern 1 
after 2005 became vanishingly rare. Many uro-
pathology experts maintain that pattern 1 in the 
original Gleason system likely represented ad-
enosis (atypical adenomatous hyperplasia), a 
now well-recognized cancer mimicker. At that 

time, however, immunohistochemistry was not 
available and thus, adenosis may account for the 
great majority of cases considered traditionally 
as Gleason pattern 1. Many of the infrequently 
published images of Gleason pattern 1 can be 
critically questioned and accordingly it has been 
proposed that Gleason pattern 1 is completely 
abandoned in practice [11].

Gleason Grade 2

Similarly, the appropriateness of using pattern 2 
in needle biopsies has also been questioned and 
pathologists have been advised not to use it in 
grading cancer on needle biopsies [12]. Can-
cers assigned GS 2–4 on needle biopsy correlate 
poorly with GS on RP, which almost always con-
tain higher-grade cancer. Pattern 2 can be seen 
occasionally in transurethral resection and RP 
specimens, usually as part of multifocal cancer 
invariably showing a higher-grade component.

Gleason Grade 3

The general focus of the 2005 modifications 
pertained primarily to the most prevalent pat-
terns 3 and 4. The 2005 ISUP modified Gleason 
system restricted the definitions of pattern 3 and 
broadened the spectrum of pattern 4 cancer [8, 
13, 14]. As in the original Gleason system, pat-
tern 3 in the 2005 ISUP modified Gleason system 
includes discrete well-formed individual glands, 
infiltrating in and among nonneoplastic prostate 
acini (Fig. 2.2a). Very small, well-formed glands 
are still considered Gleason pattern 3; however, 
in contrast to the original Gleason system, “in-
dividual cells” are not. The definition of grade 
3, however, also stipulates “marked variation in 
glandular size and shape,” which, unfortunate-
ly, was not well depicted in the 2005 diagram. 
It is still unclear, for example, which variations 
in glandular shape should be considered Glea-
son pattern 3 (Fig. 2.2b). Are individual glands 
showing branching and forming, for example, 
X, V, T, and Y glandular shapes (not illustrated 
in the 2005 diagram) still consistent with pattern 
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3 or do they represent pattern 4? Indeed, many 
uropathologists would consider these common 
morphologies to represent pattern 3, but unfor-
tunately this cannot be reconciled using the 2005 
ISUP Gleason diagram.

More stringent criteria were established by the 
2005 ISUP consensus conference concerning crib-
riform pattern 3 glands. Only rounded, well-cir-
cumscribed glands of the same size as the normal 
glands, with evenly spaced lumina and cellular 
bridges (Fig. 2.2c) are included as cribriform Glea-
son pattern 3. In essence, these types of cancers 
should morphologically resemble cribriform high-
grade prostatic intraepithelial neoplasia (HGPIN), 
but lack basal cells. This definition was in contrast 
to the original Gleason  illustrations of cribriform 

pattern 3, which included large, cribriform glands 
with rounded and smooth contours, exceeding 
the size of the normal glands (Fig. 2.2d). In the 
current practice, nearly all cribriform glands are 
being diagnosed as pattern 4 [13].

Gleason Grade 4

The scope of Gleason pattern 4 in the 2005 ISUP 
modified Gleason system was widened. A con-
sensus was reached that ill-defined glands with 
poorly formed lumina, a pattern often seen in 
fused glandular structures, should also be includ-
ed under Gleason pattern 4. This novel category 
was not described in the original Gleason system.

Fig. 2.2  Gleason grade 3 includes discrete infiltrative 
glands with well-formed lumina (a). Individual glands 
showing some modifications of size and shape such as 
branching (not illustrated in the 2005 diagram) are still in-
terpreted as pattern 3, although some may interpret them 
as pattern 4 (b). Cribriform rounded, well-circumscribed 

glands of the same size as the normal glands are inter-
preted as pattern 3 (c). If they are with similar cribriform 
features but of larger size than a normal gland, they are 
currently interpreted as pattern 4. Using the original Glea-
son system, these would have been graded as pattern 3 (d)
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Therefore, pattern 4 now includes: (a) fused 
microacinar glands; (b) ill-defined glands with 
poorly formed glandular lumina; (c) large, cribri-
form glands and cribriform glands with an irreg-
ular border, and (d) hypernephromatoid glands:

a. Fused glandular morphology implies that dis-
crete glandular units are lost or are unrecog-
nizable (unchanged from the original Gleason 
system) (Fig. 2.3a).

b. Ill-defined glands with poorly formed glandu-
lar lumina, a novel category, is now consid-
ered pattern 4 (Fig. 2.3b). The illustrations of 
this pattern remained sketchy and unclear in 
the literature, thus creating some confusion 
and leading to relatively open interpretation 
of this concept. Distinguishing, for example, 
between poorly formed glands (pattern 4) 
and tangentially sectioned glands (pattern 3) 

seems to be one of the most problematic is-
sues of the current Gleason grading. This 
 essentially requires two-dimensional interpre-
tation of a three-dimensional complex glandu-
lar morphology, which can be subjective.

c. Cribriform glands, as previously outlined, 
are nearly uniformly diagnosed as Gleason 
pattern 4 in current practice, independently 
of the glandular contour (Fig. 2.3c). In a re-
cent study, poor reproducibility was reported 
among urologic pathologists in defining Glea-
son pattern 3 cribriform glands; in addition, in 
73 % of the cases there was a coexistent Glea-
son pattern 4 tumor [15]. Therefore, a propos-
al has been made by Epstein to alter the 2005 
ISUP diagram and to delete the cribriform 3 
 morphology [13, 14].

d. Hypernephromatoid, an infrequent glandu-
lar morphology of fused glands with clear 

Fig. 2.3  Gleason grade 4 includes glands that are fused 
(represented on the right; contrast them with the individ-
ual glands on the left) (a), glands with ill-formed lumina 

(contrast them with a couple of individual glands with 
well-formed lumina in the upper right) (b), large cribri-
form glands (c), and hypernephromatoid glands (d)
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or pale cytoplasm was retained as pattern 
4 (Fig. 2.3d) (unchanged from the original 
Gleason  system).

Gleason Grade 5

Pattern 5 remains almost unchanged from the 
original Gleason system and indicates absence 
of glandular differentiation, with neoplas-
tic cells forming solid sheets, cords, or single 
cells (Fig. 2.4a, b). The presence of cords also 
includes single file cell formation. Solid nests, 
i.e., solid structures smaller than a “sheet” may 
potentially pose some problems, as smaller 
solid units may be interpreted as glands with ill-

defined lumina (pattern 4). Comedocarcinoma 
with central necrosis surrounded by papillary, 
cribriform, or solid glands also represents pat-
tern 5 (Fig. 2.4c, d).

Grading Variants of Prostate 
Adenocarcinoma in Contemporary 
Practice

Grading of different variants of prostatic adeno-
carcinoma is shown in Table 2.5 and illustrated 
in Fig. 2.5a–g):

Pseudohyperplastic Adenocarcinoma Can-
cers with pseudohyperplastic features (large 

Fig. 2.4  Gleason grade 5 includes sheets of cells (a), single cells and single file cords (b), glands containing comedo-
type necrosis surrounded by either cribriform (c), or solid masses (d)

 



212 Contemporary Gleason Grading System

individual glands resembling normal glands, 
but containing cytologically malignant nuclei), 
should be graded as Gleason grade 3, in large 
part based on the recognition that they are most 
often accompanied by more usual Gleason grade 
3 adenocarcinoma (Fig. 2.5a).

Foamy Gland Carcinoma Although most cases 
of foamy (or xanthomatous) gland carcinoma 
would be graded as Gleason grade 3 (Fig. 2.5b), 
they can also show a higher-grade pattern and 
should be graded accordingly, usually as Gleason 
pattern 4.

Ductal Adenocarcinoma This is graded as 
Gleason pattern 4, but if comedonecrosis is pres-
ent, it is graded as Gleason pattern 5 (Fig. 2.5c).

Colloid (mucinous) Carcinoma Accord-
ing to the 2005 ISUP consensus conference, 
 mucin-containing adenocarcinoma can be graded 
as Gleason pattern 3, if individual round and dis-
crete glands are floating within mucinous pools, 
or Gleason pattern 4, if irregular, cribriform or 
fused glands float within a mucinous background 
(Fig. 2.5d). In essence, the grade of the tumor 
should be based on the underlying architectural 
pattern, while the extracellular mucin should be 

ignored for grading purposes. Currently, however, 
there is no consensus on this issue. Both methods 
are acceptable until additional studies indicate 
which method is preferable.

Atrophic or Cystic/Microcystic Adenocar-
cinoma Both are graded as Gleason pattern 3 
(Fig. 2.5e, f). They are often accompanied by 
usual acinar-type adenocarcinoma. Both atrophic 
and cystic/microcystic adenocarcinoma variants 
can be seen in association with PIN-like or pseu-
dohyperplastic carcinoma, which usually repre-
sent pattern 3 [16].

PIN-like Adenocarcinoma This is graded as 
Gleason pattern 3 if discrete glandular units are 
present. It can be graded as Gleason pattern 4 if 
there is evidence of fusion (Fig. 2.5g).

The following types of prostatic carcinoma 
should not be graded:

Small cell (neuroendocrine) carcinoma
Squamous or adenosquamous carcinoma
Urothelial carcinoma of the prostate
Basaloid or adenoid cystic carcinoma
Sarcomatoid adenocarcinoma (some would grade 

as pattern 5)

Table 2.5  Grading recommendations for prostate adenocarcinoma variants
Variant Gleason grade
Pseudohyperplastic 3
Foamy 3 or 4 (depending on architecture)
Ductal 4 or 5 (if comedonecrosis present)
Mucinous (colloid) 3 or 4 (extract mucin/grade architecture)
Atrophic-cystic 3
PIN-like 3 (rarely 4)
Small cell (neuroendocrine) Not graded
Squamous or adenosquamous Not graded
Urothelial carcinomas Not graded
Basaloid or adenoid-cystic Not graded
Sarcomatoid Not graded (same grade as 5, glandular component graded separately)

PIN prostatic intraepithelial neoplasia
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Fig. 2.5  Variants of prostatic carcinoma. Pseudohy-
perplastic carcinoma should be graded as pattern 3 (a). 
Foamy (or xanthomatous) carcinoma should be graded 
as pattern 4 if composed of individual glands (b) or pat-
tern 4 if composed of fused or cribriform glands. Ductal 
adenocarcinoma is graded as pattern 4 (c); if comedone-
crosis is present, it is graded as pattern 5. Colloid (muci-
nous)  adenocarcinoma is graded as pattern 3 if individual 

discrete glands are floating within mucin (d) or pattern 4 
if they appear irregular cribriform or fused (as rare glands 
on the image). Atrophic cancer is graded as pattern 3; note 
a collagenous micronodule slightly off to the left of the 
center (e); cystic and microcystic cancers are also graded 
as pattern 3 (f). PIN-like adenocarcinoma is graded as 
pattern 3 (g); if there is glandular fusion, it is graded as 
pattern 4
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Grading-Specific Glandular 
Morphologies in Prostatic 
Adenocarcinoma

Glomerulations (Glomeruloid 
Structures)

Glomerulations are glands containing intralu-
minal, complex or cribriform structures, usually 
with a single point of attachment to the outer 
gland (Fig. 2.6a, b). Larger glomeruloid glands 
are almost uniformly accepted as Gleason pattern 
4 by urologic pathologists. The opinions are di-
vided whether all glomeruloid structures should 
be assigned Gleason pattern 4, or some smaller 
glomeruloid glands should be graded as Gleason 
pattern 3. Based on the ISUP consensus, either 
approach is currently acceptable until this issue 
is clarified.

Collagenous Micronodules (Mucinous 
Fibroplasia)

Glands containing collagenous micronodules 
(mucinous fibroplasia) present a grading chal-
lenge because glandular architecture is sig-
nificantly altered. Collagenous micronodules 
are composed of collagen and scattered fibro-
blastic cells representing an organization of the 
intra- and extraluminal mucin associated with 
the neoplastic glands. Mucinous fibroplasia 
may also occur in fused or cribriform-appear-
ing glands. In grading collagenous micronod-
ules, it would be currently acceptable to grade 
the underlying glandular architecture and to 
subtract the mucinous fibroplasia, analogous 
to the scenario when grading neoplastic glands 
associated with mucinous adenocarcinoma 
(Fig. 2.6c, d).

Fig. 2.6  Specific glandular morphologies are grades as 
follows: glomerulations which contain intraluminal crib-
riform (a) or complex structures (b) should be assigned 
pattern 4. Note the occasional vacuoles in (a); if vacuoles 
are present, the cancer should be graded based on the un-
derlying morphology, by subtracting the vacuoles. In the 
case of collagenous micronodules (mucinous fibroplasia),  
the underlying glands are graded after subtracting the 

nodules; if the glands are individual, it is pattern 3 (c); 
if the background glands are fused, it is pattern 4 (d). In-
traductal carcinoma is currently not graded, but a grade 
is assigned to the background invasive cancer; if single 
cells are present in the background ( top), it is graded as 
pattern 5 (e). Signet ring-like as pattern is typically graded 
as pattern 5 (f)
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Intraductal Carcinoma

Typically, intraductal carcinoma is not graded, 
but a grade is assigned to the background inva-
sive cancer, which is present in the great majority 
of cases and is usually high grade (pattern 4 or 
5) (Fig. 2.6e). Most experts currently do not as-
sign a grade for intraductal carcinoma, but only 
include a note that intraductal carcinoma is pres-
ent concomitantly with invasive carcinoma of a 
certain grade. Sometimes, however, no invasive 
carcinoma component is identified, particularly in 
limited needle biopsy specimens. Currently, there 
is no consensus how and if the isolated intraductal 
component should be graded. In these situations, 
it may be prudent to mention the frequent associa-
tion with high-grade adenocarcinoma and suggest 
a repeat biopsy to clarify the diagnosis.

Vacuoles

Although vacuoles are usually seen in pattern 4, 
they may be seen in pattern 5 or even pattern 3 
cancer. Cancer should be graded based on the 
underlying morphology, by subtracting the vacu-
oles (Fig. 2.6a).

Signet Ring-Like Pattern

Signet ring-like pattern is typically graded as 
Gleason pattern 5 (Fig. 2.6f). However, some-
times it is difficult to distinguish signet ring-like 
carcinoma from vacuoles, which can be seen in 
pattern 4 or even pattern 3. If only isolated or 
scattered vacuoles are present and there is ab-
sence of extensive signet ring formations, the 
vacuoles should not be graded as pattern 5, but 
rather the underlying cancer architecture should 
be evaluated.

Tertiary Gleason Pattern 5

Gleason reported in his original study that 
more than two tumor patterns occurred only 
rarely and noted that there were too few cases 

to permit meaningful analysis of the prognos-
tic significance of a tertiary grade (3). More 
than two patterns are, however, often present 
in prostatectomy specimens, and also in needle 
biopsies. In RP specimens with three grades, 
it is currently recommended by the 2005 ISUP 
consensus that the tertiary pattern be reported 
separately when it is of higher grade than the 
primary and secondary grades. The incidence of 
a tertiary pattern varies greatly between series. 
Some studies consider tertiary pattern only if it 
is of higher grade than the primary and the sec-
ondary grades and if it represents < 5 % of the 
whole tumor [17]. In other studies, if the ter-
tiary component comprises > 5 % of the tumor, 
this is considered to be a secondary pattern [18, 
19]. One contemporary RP study, performed on 
a consecutive patient population from a single 
center, found a prevalence of tertiary Gleason 
pattern 5 of 22.5 % [20]. In this study, only the 
tertiary grade > 5 % showed an independent and 
significant association with adverse pathology, 
but tertiary pattern ≤ 5 % did not demonstrate an 
association with adverse outcome [20]. Thus, 
there are variable approaches for considering 
the extent of tertiary pattern on RP, which po-
tentially complicates comparisons of different 
study results. In several RP series, it has been 
clearly demonstrated that tertiary pattern 5 is a 
marker of more aggressive disease, which is as-
sociated more frequently with PSA recurrence, 
extraprostatic extension, surgical margin posi-
tivity, seminal vesicle infiltration, and lymph 
node metastasis [17, 19]. In practice, however, 
some pathologists report the GS, for example, 
GS 7 (either 3 + 4 or 4 + 3) with tertiary pattern 
5, and specify the estimated percentages of pri-
mary, secondary, and tertiary grades, usually in a 
note. Other pathologists, however, maintain that 
tertiary grade should always represent < 5 % of 
tumor, and if it exceeds 5 %, they automatically 
consider it to be a secondary pattern. Despite 
the recognition of these differences in practice, 
both approaches should be acceptable, provid-
ed it is clearly communicated in reports and in 
published studies which method was used in as-
signing the tertiary grade [18, 20, 21]. Currently, 
in RP reports, many pathologists include a note 
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indicating the association of a tertiary grade 5 
with adverse biologic behavior.

Some have recently proposed to account for 
the presence of tertiary grade 5 in RP specimens 
by reporting it as follows: GS 6 with tertiary 5 
becomes GS 6.5; GS 3 + 4 = 7 with tertiary 5 be-
comes GS 7.25; Gleason 4 + 3 = 7 becomes GS 
7.5; Gleason 4 + 3 = 7 with tertiary 5 becomes 
GS 8; and GS 8 with tertiary 5 becomes GS 8.5 
[18]. While this proposal provides a rationale for 
stratification of cases which could potentially be 
used in prognostic nomograms, the practicality of 
its application remains questionable and awaits 
further confirmation [18].

Only a few studies have investigated the sig-
nificance of tertiary Gleason grade on needle 
biopsy. For needle biopsies, the ISUP 2005 con-
ference recommended that final GS should incor-
porate the highest (worst) pattern present, even 
if this was a tertiary one. Thus, GS on biopsy 
should be derived by adding primary and highest 
(worst) pattern. This question, however, required 
validation, with no good data available at the 
time of the consensus conference. Subsequently, 
it was demonstrated that in GS 7 cancers, those 
with tertiary pattern 5 on needle biopsy had a 
higher risk of PSA recurrence when compared 
to tumors without tertiary pattern 5 [22]. It has 
been also shown that tumors with GS 7 and ter-
tiary pattern 5 had an intermediate time to PSA 

failure between GS 8 and GS 9/10 tumors [23]. 
In another study on biopsy, Gleason grade 5 was 
reported overall in 4.1 % of all cancer-positive 
biopsies: 2.8 % as primary or secondary pattern 
and 1.3 % as tertiary pattern [24]. Trpkov et al. 
showed that tertiary pattern 5 on needle biopsy, 
particularly in nonsurgically treated patients, had 
a comparable all cause and cancer-specific mor-
tality with secondary pattern 5, but much better 
outcome than patients with biopsy primary pat-
tern 5 [24]. These findings supported the ISUP 
recommendation that tertiary pattern 5 found on 
biopsy is roughly equivalent to secondary pat-
tern 5 and should be factored in the biopsy GS 
as such.

Grading Minute Foci of Prostate 
Cancer

Grading should be performed even on minute foci 
of prostatic carcinoma, which are often diagnos-
tically challenging. Assignment of Gleason grade 
in this scenario can be problematic and often con-
sists only of one Gleason pattern (Fig. 2.7a, b). If 
individual glands are present, it is recommended 
that even small foci of tumor be reported by dou-
bling the pattern and reporting it as a primary 
and secondary (usually 3 + 3 = 6). The presence 
of small amounts of tumor in a biopsy does not 

Fig. 2.7  Minute foci of prostate adenocarcinoma should 
be graded. A microfocus composed of 4–5 individual 
glands represents pattern 3 (a). Immunostains show com-
plete absence of staining for high-molecular-weight kera-

tin in the neoplastic glands, while the basal cells in the ad-
jacent benign glands are positive. Neoplastic glands show 
diffuse cytoplasmic and luminal staining for racemase in 
contrast to the negative benign glands (b)
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always correlate with small volume of tumor in 
the prostatectomy specimens, but this correlation 
has improved using extended prostate biopsies 
[12, 25].

Grading Prostate Cancer After 
Radiation and Other Treatments

Pathologists should also be familiar with the 
changes of normal and neoplastic prostate tissue 
occurring due to various treatments. If uncertain 
about the diagnosis or whether to grade or not, 
a pathologist should seek assistance from a uro-
pathologist. Radiation therapy (external beam 
and brachytherapy, i.e., “seeds”) is a widespread 
treatment for clinically localized or locally ad-
vanced prostate cancer. Cryotherapy (“freezing”) 
of prostate has also been more widely used dur-
ing the last decade [26]. A biopsy is typically 
performed when there is a rising PSA (usually 
no less than 12 months after radiation or cryo-
therapy) to distinguish local recurrence from 
 metastatic disease and to determine whether addi-
tional treatment is needed. A history of radiation 
or other therapies is frequently not shared with 
the pathologist, and it may not be known even to 
the clinician, so it is essential to be familiar with 
the changes in benign and malignant glands that 
occur after various treatments.

Prostate cancers exhibiting marked radiation 
treatment changes typically display infiltra-
tive, poorly formed glands or single cells with 
abundantly vacuolated and clear cytoplasm and 
small shrunken nuclei. Similar cancer morphol-
ogy may also be seen after cryotherapy. When 
only cancer with radiation or cryotherapy treat-
ment effect is seen in the specimen, the sign-
out may include a statement such as “prostatic 
adenocarcinoma with extensive radiation/cryo 
treatment changes” and this cancer should not 
be Gleason graded. When prostatic adenocar-
cinoma does not demonstrate significant treat-
ment changes and resembles the usual type 
adenocarcinoma, it should be graded. In these 
cases, GS can be assigned, with wording such 
as “prostatic adenocarcinoma, Gleason pat-
tern 3 + 4 = 7, without significant radiation/cryo 

treatment changes.” One may add an estimate 
of the proportion (or %) of the carcinoma ex-
hibiting no treatment changes. Such a diagnosis 
is important for further clinical management, 
since patients with negative biopsies and pa-
tients whose cancers showed marked therapy 
changes on biopsy had similar 10-year PSA re-
lapse-free survival outcomes (59 %), and those 
outcomes were markedly different from patients 
with positive biopsies without treatment effect 
(3 %) ( p  < 0.001). The 10-year Distant Metasta-
sis-Free Survival rate in patients with negative/
marked treatment effect biopsy outcomes was 
90 %, while corresponding outcome in patients 
with positive biopsies without treatment effect 
was 69 % ( p = 0.0004) [27].

Hormone-treated cancers exhibiting therapy 
effects also should not be graded because of the 
possibility of overgrading. One often encounters 
single and shrunken cells or lack of gland differ-
entiation in this scenario. In summary, it is impor-
tant to always report GS for cancers that do not 
exhibit appreciable treatment changes, because 
cancer in this setting most likely represents either 
de novo or recurrent disease (or possibly disease 
that has not been affected or has been missed by 
the treatment), which is usually associated with 
worse prognosis.

Concordance of Biopsy and Radical 
Prostatectomy Gleason Scores

One of the expected consequences of modifying 
the Gleason grading system has been an improve-
ment in the agreement (concordance) between 
biopsy GS and RP GS. Before the 2005 Gleason 
modification, the agreement of the biopsy and 
RP GS ranged from approximately 30 to 70 % 
in most studies. After 2005, some studies have 
indeed documented an improvement between 
needle biopsy and RP GS. One study showed that 
overall agreement between needle biopsy and RP 
specimens increased from 58 to 72 % when the 
modified Gleason system was applied [28]. Other 
studies, however, failed to demonstrate signifi-
cant improvement in the GS agreement between 
the biopsy and RP [29, 30]. In a study by Uemura 
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et al., the biopsy-RP GS concordance using the 
original Gleason system and the ISUP modified 
system was 67 and 70 %, respectively [30]. Simi-
larly, Zareba et al. showed that the biopsy-RP GS 
agreement did not improve significantly using the 
modified Gleason system (63.4 and 65.5 %, origi-
nal vs modified Gleason, respectively). In current 
practice, RP GS upgrades are reported in 36 % 
(mean) cases (30 % in our practice) [29, 31]. The 
incidence of upgrading on biopsy is documented 
in current practice in fewer studies, and ranges 
between 5 and 15 % (5 % in our practice) [29].

There are several reasons for biopsy and RP 
GS discrepancies: sampling error, erroneous 
pattern interpretation, borderline grades, Glea-
son grade assignment on biopsy and clinician’s 
interpretation of the biopsy GS. Extended biop-
sies (ten cores) are associated with less upgrad-
ing on RP than sextant biopsies. Prostate biopsy 
samples, however, represent only a fraction of a 
percentage of the whole gland (< 0.05 cc) and the 
chance to miss a limited higher-grade cancer on 
biopsy remains high. This typically occurs when 
a needle biopsy cancer is graded GS 3 + 3 = 6 and 
a limited pattern 4, which was not sampled in the 
biopsy becomes apparent in the RP specimen, 
resulting in RP upgrade of GS 3 + 4 = 7. Tumor 
multifocality may be another reason for possible 
discrepancies between biopsy and RP GS. With 
teaching and growing experience, pathologists 
also recognize the grading pitfalls and develop 
better accuracy and reproducibility in their grad-
ing. Common pathology errors in grading biopsy 
specimens include: (a) overcalling Gleason pat-
tern 5 on tangentially sectioned small glands of 
pattern 3; (b) undercalling cribriform Gleason 
pattern 4 as pattern 3; and (c) undercalling small 
foci of Gleason pattern 5 (such as individual 
cells, cords, or solid nests). There are also com-
mon problems in assigning borderline grades 
between, for example, small glands of pattern 
3 and poorly formed glands of pattern 4. Poorly 
formed glands (pattern 4) may also be interpreted 
as small foci of individual cells (pattern 5).

Undergrading on biopsy may also result from 
difficulty in recognizing small foci of glandu-
lar fusion. Another reason for apparent discrep-
ancies between biopsy and RP GS is when the 

single highest (worst) GS in any positive core is 
considered to be the representative biopsy GS for 
the entire case. Using this approach in one study, 
a biopsy GS 8 could be reproduced as RP GS 8 
in only 21.5 % cases and corresponded with RP 
GS <  8 in > 50 % of RP [31]. Similarly, the as-
signment of biopsy GS based on the primary and 
the highest (or the worst) grade may account for 
some discrepancies between the biopsy and RP 
GS. Although pathologists usually report Glea-
son grades of each site separately, clinicians often 
take the highest GS from any site when planning 
treatment, which may be a possible reason for 
biopsy-RP GS discrepancies [32].

Currently available prognostic tools, such as 
nomograms, have limited ability to predict clini-
cally significant upgrading of biopsy GS and are 
not ready for clinical application. The predictive 
ability of various models to account for upgrades 
and downgrades between biopsy and RP GS has 
also been disappointing, which is also confound-
ed by the differences in biopsy techniques, num-
ber of cores sampled, and indications for biopsy. 
Thus, GS upgrades and downgrades still remain 
an important issue in clinical practice after 2005.

Inter- and Intraobserver Reproducibil-
ity of the Modified Gleason System

The modified Gleason grading system has dem-
onstrated good reproducibility along the entire 
spectrum of morphologic patterns. The improve-
ment in reproducibility is likely due to the re-
fined definitions of the individual grades and the 
decreased diagnosis of carcinomas with low GS 
(Gleason 2–5) on needle biopsy using the modi-
fied Gleason system. Exact intraobserver agree-
ment on GS was reported in 43–78 % of cases, 
and agreement within ± 1 unit was reported in 
72–87 % of cases [33, 34]. This is an improve-
ment over Gleason’s own performance, because 
he was able to exactly reproduce his previous 
scores approximately half of the times. Highly 
variable levels of interobserver agreement on GS 
have also been reported in another study (range 
of 36–81 % for exact agreement and 69–86 % 
within ± 1unit) [35].
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Interobserver variability and reproducibility 
in applying the Gleason scoring system are due to 
various factors, including differences in training 
(various mentors, different institutions), familiar-
ity with the system, varying personal experience, 
volume of practice, and inherent subjectivity, as 
in all grading systems. Problems still persist re-
garding the inter- and intraobserver variability 
and the threshold issues (particularly Gleason 
pattern 3 vs. Gleason pattern 4). These diagnos-
tic variations could potentially have an effect 
on multi-institutional trials, for example, of ac-
tive surveillance, because the population of pa-
tients at different centers may differ based on the 
thresholds of Gleason grading. A central, expert 
review may correct these problems, but even in 
this setting, the threshold issues may still persist. 
Providing a review by a specialized uropatholo-
gist in problematic cases, either in routine prac-
tice in each institution or through a single central 
review in a study setting may also mitigate the 
variations in reproducibility. Further improve-
ments in the reproducibility of Gleason grading 
can be achieved by educational activities focus-
ing on known problematic areas.

Clinical Impact of the ISUP Modified 
Gleason Grading System in Practice

The impact and consequences in clinical practice 
have been examined in several studies after the 
ISUP modified system was introduced in 2005 
[14, 28–30, 36–39]. The summary result has been 
an upward migration of the GS. In clinical prac-
tice, Gleason pattern 3, which was previously the 
most common on biopsy, has become less com-
mon than pattern 4. Most of the studies, however, 
have been performed in retrospective fashion by 
reviewing previously scored cases [28, 39]. One 
retrospective study on matched biopsy and RP 
specimens documented a significant reduction of 
GS 6 from 48 to 22 % on biopsy and from 32  to 
only 6 % on RP [28]. This was accompanied by a 
significant increase in GS 7 from 25 to 68 % on 
biopsy and from 36 to 83 % on RP. In contrast, 
in routinely graded biopsy and RP cohorts before 
and after 2005, which included over 1300 cases, 

similar trends were observed both on biopsy and 
on RP [29]. There was a decline of GS 6 on biop-
sy from 68 to 55 % after 2005, which was recip-
rocated by an increase in GS 7 biopsies from 30 
to 43 % after 2005. In the same fashion, there was 
a decline of RP GS 6 cancers from 47 to 32 % 
after 2005, accompanied by a corresponding in-
crease of RP GS 7 cancers from 48 to 60 % after 
2005. The most frequent change from biopsy to 
RP in patients after 2005 was an upgrade from 
biopsy GS 6 to RP GS 7 (3 + 4) (due to secondary 
pattern upgrades from pattern 3 to 4). This study 
also documented a trend towards better complete 
agreement for GS ≥ 7 [29).

Several changes in the ISUP 200 modified 
system may account for the upward migration 
in the Gleason grading. More strict definition of 
cribriform pattern reduced the morphologic spec-
trum of cribriform glands interpreted as Gleason 
pattern 3. Scoring of glands with poorly formed 
lumina has also been adopted in practice and uni-
formly interpreted as Gleason pattern 4. Although 
the morphologic spectrum of ill-defined glands 
(Gleason pattern 4) may include glands which 
can be interpreted either as Gleason pattern 3 or 
Gleason pattern 5, the creation of this category 
has allowed for routine and mainstream use of 
this morphologic pattern as Gleason pattern 4. 
Another reason for the Gleason upward migration 
after 2005 is the rule of excluding a lower Glea-
son pattern involving a minimal (< 5 %) propor-
tion of cancer in a setting of extensive high-grade 
cancer. A sizable proportion of the upgrades on 
biopsy may be due to the rule to incorporate ter-
tiary Gleason pattern (in practice, pattern 5) as 
a secondary pattern on biopsy specimens, when 
it is higher than the secondary pattern. Many 
pathologists also interpret glands with more or 
less complex branching (which was not explic-
itly discussed in the consensus paper) as part of 
“marked” variation in gland shape criteria, which 
was included in the text description of Gleason 
pattern 3. Some pathologists, however, tend to 
follow more closely the diagram and interpret 
the irregularities or gland branching as true gland 
fusion, and grade them as pattern 4, which may 
also account for some upgrades from pattern 3 to 
4 after 2005. Some believe that Gleason pattern 
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5 is still underdiagnosed, particularly on needle 
biopsy, which may prompt some pathologists to 
call pattern 5 on biopsy more frequently [40]. 
In particular, the single cell pattern of Gleason 
grade 5, the most common biopsy pattern 5, may 
be potentially underdiagnosed and under-report-
ed. Tangentially sectioned small-acinar pattern 3 
glands may often exhibit a focal single cell pat-
tern, or even glands with poorly formed lumina 
can sometimes appear as single cells. Thus, it is 
not unusual that diagnostic difficulties arise in 
interpreting single cell patterns. One approach in 
evaluating areas of possible pattern 5, particular-
ly on biopsy, is to consider the background can-
cer morphology. If the background cancer dem-
onstrates small-acinar pattern 3 or poorly formed 
glands, pattern 4, it would be prudent not to call 
these foci as pattern 5, but to interpret them as 
part of the background cancer morphology.

The significance of the upward shift of the 
Gleason grading in clinical practice and for pa-
tient management and prognosis is still uncer-
tain. One possible consequence may be possible 
 improvement in future patient outcomes for pa-
tients after 2005. This phenomenon of improved 
outcomes due to tumor grade (or stage) reclas-
sification is well recognized and reflects a sta-
tistical artifact, known as the Will Rogers phe-
nomenon [41]. This phenomenon occurs when 
changes are introduced in a classification system 
and an intermediate-risk group is moved from a 
low- to a higher-risk group, which improves the 
outcomes in both groups. Another possible con-
sequence of the upward Gleason migration may 
be a change in treatment practices after 2005. 
Because GS is an important factor in treatment 
 selection (i.e., active surveillance vs. RP), the 
proportion of patients reported as biopsy GS 6 
may now be likely reduced, because their biopsy 
GS are more likely to be reported currently as 
GS ≥ 7. This may result in exclusion of some pa-
tients from active surveillance. Similarly, in some 
institutions, only patients reported as GS ≤ 6 on 
biopsy are considered for brachytherapy, and this 
patient population may now be also potentially 
reduced [29]. Pathology reviews of biopsies and 
RPs on  specimens read before 2005 may result 
in GS regrading by using the modified Gleason, 

which clinicians and patients may not be aware 
of or familiar with, thus creating confusion. 
Thus, pathologists should clearly communicate 
these changes in review and consult reports and 
explain to clinicians and patients the reasons for 
GS upgrade.

Correlation of Gleason Score  
with Clinical Patient Outcomes

A true validation of the modified Gleason sys-
tem will be demonstrating its correlation with 
the clinical outcomes. So far, only a few stud-
ies addressed clinical outcomes after 2005, 
mainly because the follow-up in these studies 
has been relatively short. Two relatively small 
studies demonstrated that the GS on needle bi-
opsies using the modified system correlated bet-
ter with progression after RP [30, 39]. Tsivian 
et al. found that modified GS, when analyzed in 
prognostic grade groups (< 7 and > 7), predicted 
biochemical recurrence after RP better than the 
original GS groups [42]. Berney et al. reported 
significant upgrading of biopsies, initially graded 
during 1990–1996 and subsequently regraded 
and published in 2007 [36]. Whereas the initial 
grades did not correlate with survival outcomes, 
the newly recorded grades, largely following the 
modified Gleason system, did. In the only study 
favoring the original over the modified Gleason 
system in predicting disease progression, Dela-
hunt et al. reported that original Gleason system 
outperformed the modified system in predicting 
PSA nadir following external beam radiotherapy 
and hormone therapy [43]. Unfortunately, the use 
of PSA nadir, a suboptimal endpoint, limited the 
significance of the study results. Aiming to estab-
lish the risk of adverse outcome for patients with 
a GS 3 + 3 = 6, subsequently upgraded to GS 7 or 
8 using the ISUP modified Gleason system, Dong 
et al. found that 34 % of patients with classical 
GS 3 + 3 = 6 prostate cancer were upgraded to 
modified GS 7 or 8, using the ISUP criteria [37]. 
Compared to patients with modified GS 3 + 3 = 6 
and patients with classical GS 3 + 4 = 7, the up-
graded patients were at intermediate risk for 
biochemical progression and metastasis after RP 
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[37]. Another recent study has shown that pres-
ence of cribriform glands, now usually graded 
pattern 4, was more likely to be associated with 
biochemical failure [44].

After 2005, some studies also examined the 
clinical significance of specific prostate carci-
noma variants and morphologies. While the early 
studies of mucinous carcinoma from the pre-PSA 
era showed adverse outcomes, more recent stud-
ies reported no deaths from disease and limited 
biochemical recurrence in patients with muci-
nous carcinoma treated by RP [45]. This supports 
the grading approach based on the architectural 
configuration, which needs confirmation in larger 
series. Another study examined glomeruloid fea-
tures in needle biopsies to establish whether there 
is an association of this pattern with coexistent 
high-grade carcinoma [46]. In this study, glomer-
ulations were associated with high-grade cancer 
on the same core, mostly Gleason pattern 4 (80 % 
of cases) and often appeared to represent a mor-
phologic transition to larger cribriform glands. 
Only a minority of  glomerulations were found 
to be associated with pattern 3 cancer (16 % of 
cases). Despite the limitations and the absence of 
clinical follow-up, this study supported the idea 
that glomerulations most likely represent an early 
stage of cribriform pattern 4 cancer and should be 
graded as such [46].

One of the most compelling testimonials, so 
far, of the prognostic ability of the ISUP modified 
grading system came from a large study from 
Johns Hopkins, which investigated pathologic 
and short-term outcomes after the Gleason sys-
tem modifications in 2005 [38]. This study used 
multivariable models using preoperative and 
postoperative variables and demonstrated clearly 
separate prognostic groups based on GS both on 
biopsy and RP ( ≤ 6; 3 + 4; 4 + 3; 8; 9–10). These 
prognostic groups were among the strongest pre-
dictors of biochemical recurrence-free survival. 
Based on their results, they proposed adding a 
descriptive terminology, designated Prognos-
tic Grade Groups (PGG) I–V: PGG I for GS ≤ 6 
(well-differentiated or low-grade), PGG II for GS 
3 + 4 (moderately differentiated or intermediate 
low grade), PGG III for GS 4 + 3 = 7 (moderate-
ly–poorly differentiated or intermediate grade), 
PGG IV for GS 8 (poorly differentiated or high 

intermediate grade), and PGG V for GS 9–10 (un-
differentiated or high grade) [38]. Interestingly, 
in contrast to previous studies, this study failed to 
show that adding the tertiary pattern enhanced the 
predictive value in multivariable analysis, which 
included a preoperative PSA, pathologic stage, 
margins, and Gleason grade on RP. Although it 
is currently recommended that tertiary patterns 
are noted in pathology reports for accurate grad-
ing, this study questioned whether the inclusion 
of tertiary patterns added significant prognostic 
information, in addition to the routinely reported 
parameters.

By adopting a system that starts with GS ≤ 6 
to represent a prognostic category 1 (PGG1), 
one would eliminate the current situation when 
Gleason grading essentially starts with GS 6. 
After 2005, GS ≤ 6 category represents a more 
uniform and homogeneous category, reflecting a 
better patient prognosis. It has been demonstrated 
that virtually no pure GS 6 cancers are associ-
ated with progression after RP, using the ISUP 
modified Gleason system, whereas in the original 
Gleason system this occasionally occurred [47]. 
Of over 14,000 totally embedded RP from mul-
tiple institutions, there was not a single case of 
GS ≤ 6 cancer with nodal metastasis [48]. Clearly 
defined prognostic groups would also obviate the 
need to potentially introduce decimal fractions to 
individual GS to better stratify patients [18, 49]. 
The proposals to consider these modifications 
arose from the fact that 2005 Gleason grading 
system introduced an upward migration, which 
required better prognostic separation in the cur-
rent setting.

Future Perspectives

Although the 2005 ISUP modified grading system 
is still imperfect and somewhat subjective, there 
is no other marker or grading system that can be 
as quickly and reproducibly applied in practice, 
which underscores the pathologist’s role in patient 
management. For a pathologist, the key issue re-
mains to use consistent criteria for grading and to 
be attuned to the general and mainstream grading 
criteria. A consistent and reproducible grading 
approach will allow adaptation to future grading 
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modifications. It is also desirable to establish a 
unified grading approach in a group practice with 
regular intradepartmental consultations or consul-
tations with a uropathologist.

The 2005 ISUP modified Gleason grading has 
had an enormous impact on the evolving clinical 
practice of prostate cancer. It has achieved con-
siderable acceptance and has been widely used. 
Certainly, further modifications and refinements 
of the criteria need to be carefully validated and 
confirmed in large or multi-institutional studies 
with well-defined outcomes, before additional 
changes are implemented. The ISUP modified 
Gleason system still remains one of the most 
powerful grading schemes in all of urologic on-
cology and a gold standard against which other 
prospective markers are and will be compared 
with and measured against in future studies. Al-
though GS is a fundamental prognostic parameter 
for prostate cancer, additional biomarkers may 
either complement or replace GS in the  future. 
Each biomarker aiming to replace Gleason, how-
ever, needs to be validated first  head-to-head with 
Gleason in retrospective studies, with subsequent 
validation in independent and prospective data 
sets and cohorts.
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Introduction

Stage remains the most important prognosticator 
of most cancers. Staging involves determination 
of the anatomic extent or spread of a disease at 
the time of diagnosis based on clinical and patho-
logic criteria. Cancer stage is based on the size 
and location of the primary tumor and whether 
the tumor has spread to other organs and/or areas 
of the body. According to the American Joint 
Committee on Cancer (AJCC) [1], these staging 
criteria are designed to serve several purposes: 
helping to predict patient’s prognosis, assisting 
in planning of treatment strategies, providing a 
common language for practitioners to report ex-
tent of disease, and perform studies or clinical 
trials on homogeneous patient populations. The 
TNM staging is the most widely used system for 
prostate cancer (PCA) staging and assesses the 
extent of primary tumor (T stage), the absence 
or presence of regional lymph node involvement 
(N stage), and the absence or presence of distant 
metastases (M stage) (Table 3.1). Once the T, N, 
and M are determined, a stage of I, II, III, or IV 

is assigned, with stage I being early and stage IV 
being advanced disease (Table 3.2).

Several modifications have been made over 
time to the TNM staging system in an attempt to 
improve the uniformity of patient evaluation and 
to maintain a clinically relevant classification [2]. 
The ongoing critical evaluation of this staging 
system will indeed incorporate new evidence-
based factors to secure future refinements to PCA 
staging. In the most recent AJCC text, Gleason 
score (GS) and prostate-specific antigen (PSA) 
have been incorporated in the anatomic stage/
prognostic groups (Table 3.2) [1].

Clinical T Staging

Accurate clinical staging is crucial to provide 
adequate counseling for therapeutic treatment 
options, since risk stratification allows pre-
diction of patient outcomes based on cancer 
characteristics. Clinical staging (cTNM) is per-
formed by the urologist or referring physician 
during the initial evaluation of the patient, or 
when pathologic classification is not possible. 
All parameters available before the first defini-
tive treatment may be used for clinical staging 
and remain unchanged even if pathologic find-
ings differ. Primary tumor assessment includes 
digital rectal examination (DRE), transrectal 
ultrasound (TRUS), and histologic confirma-
tion of PCA by prostate biopsy. DRE has been a 
cornerstone of staging; however, DRE is insuf-
ficient for determining accurate stage and extent 
of disease, since approximately half of tumors 
are understaged by DRE alone [3].

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_3,
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Imaging modalities such as transrectal ul-
trasound (TRUS), CT, and MRI have also been 
utilized to improve staging accuracy. Transrectal  

ultrasonography of the prostate is the most com-
monly used imaging technique for staging as it is 
routinely used to direct initial prostate biopsies. 
Although the accuracy of TRUS for clinical stag-
ing has been questioned, in the current era of PSA 
screening with lower-risk tumors, TRUS may sup-
plant DRE for the clinical staging of nonpalpable 
prostate cancer and add unique and important in-
formation when considering treatment options for 
men with early-stage prostate cancer [4].

The AJCC clinical staging stratifies patients 
according to the method of tumor detection, sep-
arating nonpalpable radiologically occult “inci-
dental” prostate cancers detected during trans-
urethral resection of the prostate for clinically 
benign prostatic hyperplasia (classified as stage 
cT1a or cT1b) from palpable cancers detected 
by DRE or imaging (classified as cT2a/cT2b 
for a unilateral palpable nodule and/or unilat-
eral lesion on imaging). This staging system also 
recognizes nonpalpable cancer detected by an 
elevated serum PSA level or an abnormal TRUS 
image (stage T1c). It is generally accepted that 

Table 3.1  Pathological staging. (Used with permission from [1])
Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
a

T2 Organ-confined disease
T2a Unilateral disease, one-half of one lobe or less
T2b Unilateral disease, involving more than one-half of one lobe, but not both lobes
T2c Bilateral disease
T3 Extraprostatic extension
T3a Extracapsular extension or microscopic bladder neck invasion
T3b Seminal vesicle invasion
T4 Invasion of rectum levator muscles and/or pelvic wall
Regional lymph nodes (N)
NX Regional lymph nodes not sampled
N0 No positive regional lymph nodes
N1 Metastasis in regional lymph node(s)
Distant metastasis (M)
MX Distant metastasis status unknown
M0 No distant metastasis
M1 Distant metastasis
M1a Nonregional lymph node(s)
M1b Bone(s)
M1c Other site(s) with or without bone disease
a There is no pathologic T1 classification

Table 3.2  Anatomic stage/prognostic groups. (Used 
with permission from [1])
Group T N M PSA Gleason 

score (GS)
I T1a–c N0 M0 PSA < 10 GS ≤ 6

T2a N0 M0 PSA < 10 GS ≤ 6
T1–2a N0 M0 PSA x GS x

IIA T1a–c N0 M0 PSA < 20 GS 7
T1a–c N0 M0 PSA ≥ 10 < 20 GS ≤ 6
T2a N0 M0 PSA < 20 GS ≤ 7
T2b N0 M0 PSA < 20 GS ≤ 7
T2b N0 M0 PSA x GS x

IIB T2c N0 M0 Any PSA Any GS
T1–2 N0 M0 PSA ≥ 20 Any GS
T1–2 N0 M0 Any PSA GS ≥ 8

III T3a–b N0 M0 Any PSA Any GS
IV T4 N0 M0 Any PSA Any GS

Any T N1 M0 Any PSA Any GS
Any T Any N M1 Any PSA Any GS

PSA prostate-specific antigen
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biopsy results should not be incorporated into 
clinical stage assignment, otherwise, by defini-
tion no patient would be assigned to clinical T1c 
stage.

Substaging of clinical stage T2 prostate can-
cers is largely based on the extent of the abnor-
mality palpated during a DRE or shown during 
TRUS in each half of the gland. Tumor extend-
ing beyond the boundary of the prostate gland is 
classified as stage T3; prostate cancer fixed or 
invading adjacent structures other than seminal 
vesicles, such as external sphincter, rectum, blad-
der, levator muscles, and/or pelvic wall is equiva-
lent to clinical stage T4.

Clinical stage is included as a component of 
several frequently cited nomograms and prog-
nostic tools [5]. However, in contemporary mul-
tivariable models incorporating powerful predic-
tors such as PSA, GS, and percentage of posi-
tive biopsy cores, it appears that clinical staging 
criteria offer limited independent prognostic in-
formation in predicting recurrence of localized 
prostate cancer among radical prostatectomy pa-
tients [6–8].

Pathologic T Staging

Pathologic stage (pTNM) at radical prostatec-
tomy remains one of the most important and ac-
curate assignments, essential not only in deter-
mining the most appropriate choice of therapy 
of individual patients, but also in predicting the 
likelihood of local and distant disease recur-
rence. It is completely dependent on the patholo-
gist’s handling and reporting of the surgically 
resected specimen. Methods for the grossing and 
sampling of radical prostatectomy specimens 
have evolved over the years [9]. More recently 
the 2009 consensus conference sponsored by the 
International Society of Urological Pathology 
(ISUP) made recommendations regarding the 
standardization of pathology reporting of radi-
cal prostatectomy specimens and addressed con-
troversies related to definitions of features such 
as extraprostatic extension (EPE), bladder neck 
involvement, and seminal vesicle invasion (SVI) 
[9–13].

Pathologic Stage T2

The TNM 2002 staging system subdivided pT2 
disease into three categories as determined by 
involvement of less than one half of one side 
(pT2a), more than one half of one side (pT2b), 
and both sides of the prostate gland (pT2c), re-
spectively, to mirror the clinical substaging and 
allow direct comparison of both. In contrast to 
clinical substaging of T2 cancers, pathological 
substaging does not convey prognostic informa-
tion. Stage pT2 PCA seems to represent a homo-
geneous group with an overall excellent prog-
nosis and a 5-year biochemical progression-free 
survival (BPFS) over 90 %. Several recent stud-
ies, including very large cohorts of patients, have 
failed to demonstrate a significant prognostic dif-
ference for intermediate-term outcomes between 
pathological stage T2a versus T2b versus T2c 
disease [14, 15], suggesting that the pathologi-
cal T2 substages may not confer any prognostic 
value for predicting biochemical recurrence after 
radical prostatectomy. The 2009 ISUP consen-
sus conference recommendation was that report-
ing of pT2 substages should, at present, be op-
tional [13].

Pathologic Stage T3

Stage T3 disease is subdivided into two catego-
ries, as determined by the presence of EPE in 
any location (pT3a) and presence of SVI with or 
without EPE (pT3b).

Extraprostatic Extension (pT3a)
EPE is the preferred terminology to indicate the 
extension of tumor beyond the confines of the 
prostate gland. However, the definition is com-
plicated by the anatomy of the gland that in many 
areas does not possess a well-defined histologic 
capsule, particularly in the apical region and 
along the anterior and posterior surface. Tumor 
admixed with periprostatic fat is the most easily 
recognized manifestation of EPE (Fig. 3.1). Cur-
rent definitions of EPE include “tumor abutting 
on or admixed with fat” and “tumor involving 
loose connective tissue or perineural spaces of 
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the neurovascular bundles” even in the absence 
of direct contact between tumor cells and adipo-
cytes (Fig. 3.2).

Posterolaterally, EPE may also be recognized 
as a distinct tumor nodule within desmoplastic 
stroma that bulges beyond the normal rounded 
contour of the gland (Fig. 3.3) or beyond the 
condensed smooth muscle of the prostate. Scan-
ning magnification should be used to look for a 
protuberance of tumor from the normal smooth 
contour of the prostate, followed by higher mag-
nification to confirm the absence of condensed 
smooth muscle in the desmoplastic stroma [11]. 
Although in the apex, anterior, and bladder neck 

regions, there is a paucity of fat and the histologi-
cal boundary of the prostate is poorly defined, 
EPE may also be identified anteriorly when tumor 
touches an inked surgical margin, where benign 
glands have not been similarly cut across or when 
malignant glands extend beyond the contour of 
the normal glandular prostate (Fig. 3.4).

Finding malignant glands within striated mus-
cle in the apex does not constitute EPE, since be-
nign glands are frequently admixed with striated 
muscle in this location (Fig. 3.5).

However, it is important to keep in mind 
that variability among reviewers concerning the 
diagnosis of EPE has been reported in different 

Fig. 3.3  A distinct tumor nodule within desmoplastic 
stroma bulging beyond the normal rounded contour of the 
gland represents another example of extraprostatic exten-
sion ( × 2)

 

Fig. 3.2  Extraprostatic extension includes prostate can-
cer involving perineural spaces of the neurovascular 
bundle ( × 10)

 

Fig. 3.4  Anterior extraprostatic extension with malignant 
glands extending beyond the normal contour of the pros-
tate gland ( × 4)

 

Fig. 3.1  Prostate cancer admixed with periprostatic fat is 
the most easily recognized manifestation of extraprostatic 
extension ( × 10)
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studies and robust interpretation of EPE is not al-
ways possible, due to the difficulty pathologists 
can encounter in identifying the boundary of the 
gland in some cases (Fig. 3.6).

Once EPE is diagnosed, there is good evi-
dence that the amount of tumor beyond the pros-
tate is prognostically significant. At the 2009 
consensus conference, an overwhelming major-
ity of the voting delegates supported the sugges-
tion that EPE should be quantitated; however, no 
single method has emerged as objective, practi-
cal, and accurate in terms of its ability to pre-
dict cancer progression and biochemical failure.  
On the basis of the survey, pathologists ap-

peared to prefer the subjective approach (focal, 
Fig. 3.7, vs. nonfocal, Fig. 3.8) suggested by ei-
ther Epstein et al. (focal is defined as “only a 
few neoplastic glands”) or Wheeler et al. (focal 
is defined as “tumor outside the prostate to a 
depth of < 1 high power field in ≤ 2 separate 
sections”) over quantitative methods (greatest 
linear dimension, radial dimension, volumetric 
measurements), and a slightly higher number 
of delegates seemed to prefer Epstein’s method 
over Wheeler’s one [11].

Reporting of the location of any EPE present 
is recommended, despite the lack of published 
evidence for its relevance on staging, prognosis, 
and treatment.

Fig. 3.6  Despite the fact that a group of malignant glands 
extends beyond the bulk of the tumor, it is difficult to 
identify the boundary of the prostate gland. No involve-
ment of the periprostatic fat is identified ( × 4)

Fig. 3.8  Example of nonfocal extraprostatic extension 
with numerous clusters of prostate cancer glands within 
periprostatic fat ( × 4)

 

Fig. 3.7  Example of focal extraprostatic extension with a 
single prostate cancer gland within periprostatic fat. No-
tice the presence of perineural invasion ( × 10)

 

Fig. 3.5  The presence of prostate cancer glands within 
striated muscle in the apex does not constitute extrapros-
tatic extension, since benign glands are frequently ad-
mixed with striated muscle in this location ( × 4)
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EPE of prostatic adenocarcinoma is exceed-
ingly rare (< 2 %) on needle core biopsy, but is 
frequently associated with extensive high-grade 
tumors with very poor prognosis [16]. In a recent 
study from our institution, EPE was detected in 
95 of 4291 (2 %) patients who underwent prostate 
biopsy between 2004 and 2012 (Fig. 3.9). Most 
patients with EPE on needle biopsy were treated 
using a multimodality approach. Follow-up was 
available for 89 patients. Radiographic evidence 
of bone metastasis was present in 28/89 (31 %) 
men. Seven (8 %) patients died of disease [17].

Microscopic Bladder Neck Invasion (pT3a)
The stage classification of PCA invading bladder 
neck has been controversial for the last few years. 
In the 2002 AJCC TNM staging system, bladder 
neck invasion was designated as pT4 disease, 
whereas in the 2009 TNM scheme, microscopic 
bladder neck invasion was categorized as pT3a 
cancer. In the past, the diagnosis of prostate cancer 
with bladder neck invasion was based upon the 
urologist finding gross invasion of the bladder neck 
and considered as advanced disease, similar to ex-
ternal sphincter and/or rectal involvement [11].

Currently most PCA patients with bladder 
neck invasion are detected incidentally during 
microscopic evaluation of the radical prostatecto-
my specimen. Microscopic bladder neck involve-
ment is defined as the presence of neoplastic cells 
within smooth muscle bundles of the coned blad-
der neck in absence of benign prostatic glandular  

tissue on the corresponding slide (Fig. 3.10) 
[11]. Microscopic involvement of bladder neck 
muscle fibers indicates pT3a disease, and gross 
involvement of the bladder neck is required for 
pT4 stage. Several recent studies have shown that 
bladder neck invasion carries a risk of progres-
sion similar to EPE and lower than that of SVI 
[18, 19], supporting the concept that bladder neck 
invasion should be considered as pT3a disease.

During the 2009 ISUP consensus meeting, 
there was consensus that the presence of prostate 
cancer glands intermixed with benign prostatic 
glands at the bladder neck should be considered 
equivalent to capsular incision. It was also rec-
ommended that if tumor is present at the inked 
resection margin at the bladder neck, this should 
be stated in the report [11].

Seminal Vesicle Invasion (pT3b)
SVI by PCA has generally been shown to be a 
poor prognostic factor after radical prostatectomy 
and is commonly associated with EPE. However, 
the considerable variation in the pathological 
handling and sampling of seminal vesicles in RP 
specimens is responsible for the large differences 
reported in major series, in both the percentages 
of cases with SVI (5–10 %) and in the 5-year 
BPFS (5–60 %). At the 2009 ISUP conference, 
there was a consensus that only muscular wall 
invasion of the extraprostatic portion of the 

Fig. 3.10  Microscopic bladder neck involvement is de-
fined as the presence of neoplastic cells within smooth 
muscle bundles of the bladder neck in the absence of be-
nign prostatic glandular tissue on the corresponding slide 
( × 10)

 

Fig. 3.9  Extraprostatic extension of prostatic adenocarci-
noma on needle core biopsy ( × 10)
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seminal vesicle should be regarded as SVI [10] 
(Fig. 3.11). It was recommended that the junc-
tion between seminal vesicle and prostate should 
always be assessed for contiguous spread. This 
should be considered the minimum necessary to 
adequately sample seminal vesicles.

Seminal vesicles are not routinely biopsied 
for evaluation of PCA; however, some clini-
cians choose to include seminal vesicles biopsies 
(SVB) along with prostate biopsies in certain 
clinical scenarios. In a recent study from our in-
stitution, of the 170 (0.8 %) men with targeted 
SVB, 164 (96 %) had SV tissue present in the 
biopsy specimen. Eighty-three (51 %) men with 
SVB had been previously diagnosed with PCA 
and 77 (47 %) had been formerly treated for 
PCA. In 16 (10 %) cases only SV were sampled, 
of which 3 (19 %) showed SVI (Fig. 3.12). Posi-
tive SVB results can aid in the selection of treat-
ment options and in the prediction of outcome for 
individual patients by providing confirmation of 
locally advanced disease [20].

Pathologic Stage T4

Stage pT4 prostate cancer is defined by direct 
invasion of rectum or gross invasion of urinary 
bladder, external sphincter, levator muscles, and/
or pelvic wall, with or without fixation [11]. 
Patients with large bulky masses involving the 
above-mentioned structures are not typically 

candidates for RP; however, it is reasonable to 
assign a pT4 stage to a RP specimen if an associ-
ated biopsy of rectum, urinary bladder (that is not 
microscopic invasion of bladder neck), or pelvic 
side wall is positive for PCA that is directly in-
vading these structures, as assessed by clinical 
and/or radiological means.

Rectal involvement by prostate cancer 
(Fig. 3.13a, b) is now a clinically late event usu-
ally associated with wide EPE and frequent dis-
tant metastases, and carries a dismal prognosis 
despite multimodality treatment. The median 
survival is reported to be 15 months, with only 
few patients surviving more than 30 months [21].

Urinary bladder and rectum involvement by 
prostatic carcinoma can also occur via lympho-
vascular invasion (LVI), without contiguous 
spread; for these cases an M1 designation may be 
more appropriate than pT4.

Surgical Margin Status

Surgical margin status in RP specimens is a 
known prognostic parameter for postoperative 
biochemical recurrence and PCA disease pro-
gression.

Positive surgical margin on pathologic evalua-
tion is defined as cancer cells touching the inked 
surgical margin of resection of the RP speci-
men (Fig. 3.14a, b). In recent studies, the posi-
tive surgical margin rate ranges from 13 to 26 %.  

Fig. 3.12  Seminal vesicle invasion detected on needle 
biopsy ( × 10)

 

Fig. 3.11  Seminal vesicle invasion is defined as invasion 
of the muscular wall of the extraprostatic portion of the 
seminal vesicle ( × 10)
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Progression free probability for men with posi-
tive surgical margins on RP ranges from 58 to 
64 % in contrast with 81–83 % in patients with 
negative surgical margin.

Despite general consensus of the importance 
and clinical relevance of RP surgical margin sta-
tus, marked variability still exists in the interpre-
tation of surgical margins by pathologists practic-
ing in different institutions.

The acceptance of considering a surgical 
margin as negative as long as cancer cells and/
or glands do not reach the inked surface of the 
specimen, despite microscopically close dis-
tances (< 0.1 mm) (Fig. 3.15a, b), is supported by  
absence of residual tumor and lack of postopera-
tive disease progression in such patients [22, 23].

Several studies have shown that the extent of 
tumor at the surgical margin correlates with post-
operative disease recurrence [22, 24].

Lymphovascular Invasion

LVI is a well-established prognostic factor in a 
number of human malignancies, and is among 
the histological variables that the Association of 
Directors of Anatomic and Surgical Pathology 
recommends to be reported in RP specimens 
[25].

LVI has been defined as the unequivocal pres-
ence of tumor cells within endothelial-lined spac-
es with no underlying muscular walls or as the 

Fig. 3.14 a and b Positive surgical margin on pathologic evaluation is defined as cancer cells touching the inked surgi-
cal margin of resection of the radical prostatectomy specimen ( × 20)

 

Fig. 3.13 a and b Examples of rectal involvement by prostate cancer ( × 10). In b, the tumor shows marked treatment 
effect
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presence of tumor emboli in small intraprostatic 
vessels [11] (Fig. 3.16a, b).

The prognostic significance of LVI in prostate 
cancer has been investigated by different groups 
with conflicting findings. LVI has been signifi-
cantly associated with regional lymph node me-
tastases and with adverse pathologic features in 
RP specimens, such as higher GS, positive surgi-
cal margins, EPE, and SVI. Multivariate analy-
ses have confirmed that LVI is an independent 
predictor of disease recurrence when controlling 
for other pathologic variables known to influence 
clinical outcome [26, 27].

At the 2009 ISUP conference, there was 
consensus that LVI should be reported in the 

routine examination of radical prostatectomy 
specimens.

Regional Lymph Nodes

The spread of tumor to lymph nodes (Fig. 3.17) 
is a means of tumor dissemination with impor-
tant impact on management and prognosis. For 
PCA, the regional lymph nodes are the nodes of 
the true pelvis, located below the bifurcation of 
the common iliac arteries.

As radical prostatectomy is generally re-
served for men at low risk of metastatic disease, 
the rate of lymph node involvement is generally  

Fig. 3.16a and b Lymphovascular invasion is defined as the unequivocal presence of tumor cells within endothelial-
lined spaces with no underlying muscular walls ( × 10, × 20)

 

Fig. 3.15a and b Surgical margin is considered negative as long as cancer cells and/or glands do not reach the inked 
surface of the specimen, despite microscopically close distances ( × 20)
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low. The number of lymph nodes obtained in 
a lymphadenectomy dissection varies widely 
among centers, which is a function of surgi-
cal technique as well as pathological practice. 
Quantitation of the number of lymph nodes 
seen on microscopy was considered necessary 
information for a pathology report by the 2009 
consensus conference survey respondents [10]. 
The diameter of the largest metastasis appears 
to be more predictive of cancer-specific sur-
vival than the number of positive nodes alone, 
whereas the presence of extranodal extension 
has been shown not to be predictive on multi-
variate analysis. At the 2009 conference, there 
was consensus that the diameter of the largest 
lymph node metastasis should be included in the 
final pathology report [10].

Metastasis

Prostate cancer tends to spread to regional lymph 
nodes and bone (Fig. 3.18), and, to a lesser de-
gree, to lung, liver, and brain. Metastases in other 
locations are exceptional. Involvement of lymph 
nodes lying outside the boundaries of the true 
pelvis is classified as M1a disease. Osteoblastic 
metastases are the most common nonnodal site of 
PCA metastasis with more than 50 % of patients 
with advanced PCA having identifiable bone le-
sions (M1b) [28]. Lung and liver metastases are 

usually identified late in the course of the dis-
ease and classified as M1c category (Tables 3.1 
and 3.2).

Imaging Techniques Used in Prostate 
Cancer Staging

Multiparametric magnetic resonance imaging 
(MP-MRI), which includes both high-resolution 
anatomic and functional pulse sequences and 
positron emission tomography–computed to-
mography (PET/CT) with targeted tracers, has 
begun to play a major role in the detection and 
staging of localized prostate cancer [29, 30]. 
T2-weighted MRI is the most commonly used 
component of MP-MRI of the prostate. It can be 
used to assess whether a prostate tumor is organ-
confined or extending beyond the boundary of 
the gland [31], although the reported sensitivity 
and specificity for prostate cancer staging vary 
widely (14–100 % and 67–100 %, respectively) 
[32]. Diffusion-weighted MRI (DW-MRI), pro-
ton magnetic resonance spectroscopic imaging 
(MRSI), and dynamic contrast-enhanced MRI 
(DCE-MRI) have limited spatial resolution, 
which is critical for staging, and must be com-
bined with T2-weighted MRI to improve local 
prostate cancer staging [32]. PET/CT has not 
yet made a clinical impact in localized prostate  
cancer.

Fig. 3.18  Metastatic prostate cancer involving the head 
of femur ( × 10)

 

Fig. 3.17  Metastatic prostate cancer involving regional 
lymph nodes ( × 10)
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Introduction

Prostate cancer (PCa) remains the most com-
monly diagnosed cancer in men in developed 
countries, although death from PCa has steadily 
declined over the past 10–15 years [1]. Currently, 
most men in whom PCa is detected will die with, 
rather than of the disease. Characterization, clini-
cal management, and follow-up of patients with 
PCa are highly dependent on a combination of 
laboratory (prostate-specific antigen (PSA) mea-
surement), clinical (digital rectal examination, 
DRE), and pathologic factors [2–5]. Pathologists 
play a significant role in evaluation of pathologic 
features in both prostatic needle biopsy (NB) 
and radical prostatectomy specimens, allowing 
for risk stratification. As the patient population 
diagnosed with PCa and the diagnostic material/
pathologic criteria for PCa have evolved over 
the past 30 years, the current chapter provides a 

review of contemporary handling and reporting 
of PCa-bearing specimens.

Pathology Reporting for Prostate 
Cancer: Biopsy Specimens

Essential reporting elements for cancer-bear-
ing prostatic NB specimens are summarized in 
Table 4.1.

Specimen Submission, Gross 
Description, and Site Designation

Concurrent with the rise of PSA screening and 
increasingly sensitive imaging techniques, the 
average number of prostate NB cores has risen 
from 2 to 6 to 12 over the past 20 years [6]. As 
such, the primary purpose of NB has shifted from 
targeting specific areas of concern on DRE to 
the systematic mapping of the gland for cancer 
involvement and quantification [6]. In practice, 
this information is routinely used to determine 
(a) whether any form of therapy or follow-up is 

Table 4.1  Essential reporting elements for cancer-
bearing prostatic needle biopsy specimens
Gleason grades/score

Usual scenario: primary + secondary patterns
Special scenarios: see Tables 4.2 and 4.3

Number of positive cores
Tumor quantitation/extent (percent involvement and/or 
linear extent in mm)
Treatment-related changes

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_4,
© Springer Science+Business Media New York 2015
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indicated, (b) the type of therapeutic options of-
fered to the patient, including active surveillance, 
(c) the extent of resection (i.e., nerve-sparing or 
not) for surgical patients, and (d) the nature and 
dosing of radiation therapy.

The import of these results conveys clinical 
significance to the submission, handling, and 
description of NB cores. Whether needle cores 
are submitted in two containers (right and left 
sides) or in separate containers with specific site 
designations (i.e., right lateral apex, right lateral 
mid, right lateral base, etc.) is nonuniform among 
urologists/institutions. However, the importance 
of knowing the specific location of the biopsy, 
and therefore the location of detected cancer, is 
well recognized, as it allows for detailed corre-
lation with clinical and imaging studies and ef-
fective treatment planning [6, 7]. On a practical 
level, processing and pathologic assessment of 
NB is greatly facilitated if biopsies are separated. 
Less material is lost when cutting single biopsies, 
reading biopsies one by one is easier and facili-
tates identification of minimal foci of cancer [8]. 
Therefore, when cores are submitted separately or 
assigned a clear site designation by container, the 
pathology report should reflect this labeling [9].

Gleason Grading: Background  
and Historical Context

The modern system for grading PCa emerged 
from work in the 1960s by Dr. Donald F. Glea-
son, based on a specimen cohort from the Veter-
ans Administration Cooperative Research Group 
[10]. Nearly 50 years later, Gleason grading re-
mains novel in that it is based only on the tumor’s 
architectural pattern (Gleason patterns 1–5) with 
the sum of the two most common patterns—
Gleason score (GS)—conveying the most clini-
cal meaning (see Chap. 2). While additional mor-
phologic descriptors were added to patterns 3, 4, 
and 5 in subsequent publications, these observa-
tions emanate from the era before PSA screening, 
when most patients presented with palpable and/
or advanced disease and prostatic tissue was typi-
cally obtained from transurethral resection [9].

Introduction of PSA screening, coupled with 
the advent of thin NB techniques and expanded 
sampling has necessitated the diagnosis and 
grading of PCa on smaller and better character-
ized samples. Concurrently, a rising case volume 
and the importance assigned to Gleason grad-
ing in modern predictive models [2–4] have led 
to increased experience in the application of 
the Gleason system and a gradual evolution in 
practice.

In 2005, the International Society of Uro-
logic Pathology (ISUP) convened a conference 
on Gleason grading to address emerging issues 
based on existing data as well as the personal/
institutional experience of a large international 
group of urologic pathologists. The resulting 
manuscript serves as a provisional diagnostic 
guide to modern Gleason grading [11]. Impor-
tantly, the modifications to Gleason grading 
codified in the 2005 ISUP paper represent col-
lective changes introduced over the course of the 
1990s and early 2000s based on much-expanded 
experience with assessment of prostatic NB and 
modern radical prostatectomy specimens (see 
Chap. 2) [9]. 

Needle Biopsy Gleason Grading:  
Usual Scenarios
Nearly all prostatic carcinomas seen in NB speci-
mens are of the usual (acinar, conventional) type, 
to which the Gleason system may be applied. 
Gleason patterns 1–2 (scores 2–4), which require 
nodular circumscription as a diagnostic criterion, 
are not easily evaluable in the limited tissue of 
NB. Due to poor correlation with prostatectomy 
grade and reproducibility among experts, GS 2–4 
should not be diagnosed in these specimens [11]. 
Conversely, Gleason pattern 5, including single 
cells, sheet of cells, and comedocarcinoma, is es-
sentially unchanged from its original descriptions 
[10]. The 2005 ISUP recommendations convey 
a significant contraction of Gleason pattern 3 
and consequent expansion of Gleason pattern 
4, with Gleason pattern 3 typically the lowest 
assigned grade. The most profound impact of 
these changes has been on grading of prostatic 
NB, with GS 7 now being the most commonly 
assigned score [12].
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In modern terms, discrete and well-formed, in-
filtrative glands—even when small—have been 
retained within Gleason pattern 3. In contrast, 
practice patterns have evolved with regard to 
grading of cribriform glands as well as ill-defined 
glands with poorly formed lumina, originally 
considered within Gleason pattern 3 [11]. While 
a percentage of small- to medium-sized cribri-
form lesions label with basal cell markers and are 
better recognized today as cribriform high-grade 
prostatic intraepithelial neoplasia (HGPIN), the 
remainder of cribriform glands regardless of size, 
are nearly always diagnosed as pattern 4 [13]. A 
related feature is glomerulations or glomeruloid 
structures, characterized by dilated glands with 
an intraluminal cribriform proliferation attached 
to the periphery by a “stalk.” This morphology 
was not accounted for in the original Gleason 
system and the 2005 ISUP recommendations did 
not reach consensus on this histology. Nonethe-
less, a recent report showed that in 45 biopsies 
with glomerulations, > 80 % showed an associa-
tion with Gleason pattern 4 cancers in the same 
biopsy core [14]. The significant morphologic 
overlap with and occasionally observed transi-
tions to cribriform Gleason pattern 4 carcinoma 
also favor classifying glomerulations as pattern 
4 (Fig. 4.1).

The 2005 ISUP conference highlighted the 
controversy surrounding classification of “ill-
defined glands with poorly formed glandular 

lumina” (Fig. 4.2). While there is some consensus 
that such foci should be graded as pattern 4, this 
morphology represents a significant challenge 
for the Gleason system, with few instructive 
images in the existing literature. The ISUP panel 
cautioned that a “cluster of ill-defined glands in 
which a tangential section of pattern 3 glands 
cannot account for the histology” would be 
diagnosable as Gleason pattern 4 [11], a deter-
mination that necessitates evaluation of multiple 
levels and sections of such glands.

Needle Biopsy Gleason Grading:  
Special Scenarios
Although Gleason grading is and always has 
been fundamentally based upon a sum of the first 
and second most common patterns, uropatholo-
gists have evolved reporting strategies for some 
specific scenarios in which (a) morphologic pat-
terns are not well addressed within the original 
Gleason system, (b) the classic grading might 
not be clinically precise, and (c) the patient has 
received prior therapy. While some of these rec-
ommendations are consonant with the original 
Gleason system, the method of applying these 
rules has been clarified over time. Tables 4.2 and 
4.3 summarize these recommendations.

Prostate Cancer Variants
The Gleason grading of a number of variants 
has been modified from the original system, as 

Fig. 4.1  Glomerulations demonstrating significant mor-
phologic overlap with and transition to cribriform Gleason 
pattern 4 carcinoma

 

Fig. 4.2  Gleason score 3 + 4 = 7 carcinoma: note multiple 
poorly formed glands with ill-defined lumina and/or in-
complete nuclear complement
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reflected in Table 4.2. While the unique clini-
cal and histologic features of PCa variants are 
dealt with elsewhere in this text, a number of 
morphologies remain controversial with regard 
to Gleason grading [15]. Two examples are (a) 
the group of mucin-related tumors, including 
carcinomas associated with extravasated mucin 
(either focal or abundant) and/or mucinous fibro-
plasia and (b) prostatic ductal adenocarcinoma—
especially those cases exhibiting “HGPIN-like” 
features.

In the NB context, it is difficult to evaluate true 
mucinous (colloid) carcinoma which requires the 
presence of > 25 % mucin pools for its diagnosis. 
However, carcinomas with mucinous features 
may be diagnosed, typically comprised of irregu-
lar cribriform glands in a mucinous background. 
Such cases may also show individual glands in 
the same background or simulated “gland within 
gland” patterns representing single distorted acini 
and caused by encroachment of acellular mucin 
in and adjacent to neoplastic glands (Fig. 4.3). 

A similar finding is carcinoma with mucinous 
fibroplasia (collagenous micronodules), indicat-
ing the delicate ingrowth of fibrous tissue in and 
among glands, which may result in “fused-” or 
“cribriform-”appearing glands.

While mucinous (colloid) carcinoma with crib-
riform glands is routinely graded as GS 4 + 4 = 8 
in radical prostatectomy specimens, there is no 
consensus regarding cases with discrete glands in 
a background of extravasated mucin or mucinous 
fibroplasia. At the 2005 ISUP conference, some 
suggested that the mucin or mucinous fibropla-
sia be extracted and the underlying architecture 
graded [11]. As such, a percentage of these cases 
would be assigned Gleason pattern 3. Such a 
designation may be supported by contemporary 
studies of mucinous carcinoma which have rec-
ognized the variability in the epithelial com-
ponent and reported no death from disease and 
limited biochemical recurrence without clinical 
evidence of local or distant recurrence in patients 
who had mucinous carcinoma treated by RP [16].

The application of the Gleason grading system 
to prostatic ductal adenocarcinoma has also been 
controversial, with some initially advocating for 
not assigning a Gleason grade. The ISUP 2005 
recommendations, recognizing that the majority 
of ductal adenocarcinoma displays complex pap-
illary and/or cribriform morphology, advocated 
reporting such cases as Gleason pattern 4 with 

Fig. 4.3  Carcinoma with mucinous features: note that 
although some truly fused glands (pattern 4) are present, 
much of the cancer consists of discrete glands (pattern 3) 
with varying degrees of distortion by extravasated mucin

 Table 4.2  Reporting recommendations for prostate 
cancer variants
Variant Gleason grade/pattern
Atrophic 3
Pseudohyperplastic 3
Foamy 3 or 4 (depending on 

architecture)
Vacuoles 3, 4 or 5 (extract vacuoles/

grade architecture)
Mucinous (colloid) Either: 4 (based on extracel-

lular mucin alone)
or: 3 or 4 (extract mucin/grade 
architecture)

Ductal 4a

Sarcomatoid 5 (glandular component 
graded separately)

Signet ring cell 5
Small cell/
neuroendocrine

Not graded

Squamous Not graded
Basaloid Not graded

a Like a number of other variants, ductal carcinoma is 
typically associated with acinar (conventional) adeno-
carcinoma. Recently, ductal carcinomas with stratified 
or “high-grade prostatic intraepithelial neoplasia 
(PIN)-like” morphology have been described, typically 
associated with Gleason pattern 3. Finding ductal adeno-
carcinoma with comedonecrosis would warrant assign-
ing Gleason pattern 5
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ductal features [11]. More recently, however, a 
significantly less frequent pattern of ductal ade-
nocarcinoma, characterized by individual glands 
lined by tall pseudostratified columnar cells has 
been highlighted among a spectrum of PCa with 
nuclear stratification in single glands, so-called 
“prostatic intraepithelial neoplasia (PIN)-like” 
carcinoma [17]. As these cases may be more fre-
quently associated with usual Gleason pattern 3 
PCa and behave in a more indolent fashion than 
classic ductal adenocarcinoma, some have advo-
cated assigning Gleason grade 3.

Increasing Clinical Precision with Gleason 
Grading on Needle Biopsy
There are circumstances in which reporting pri-
mary + secondary Gleason grade, may be inexact 
as traditional Gleason grading is unlikely to be 
representative of cancer in the gland (Table 4.3). 
In the context of abundant high-grade cancer, for 
example, lower-grade patterns should not be in-
corporated in the GS. Hence, a 15 mm core with 
13 mm of cancer in which 0.5 mm displays Glea-
son pattern 3 and the remainder is Gleason pat-
tern 4, should be diagnosed as GS 4 + 4 = 8 [16]. 
Conversely, any amount of high-grade tumor 
should be included, as it often reflects more sig-
nificant high-grade tumor in the gland. As such, 
a 15 mm core with 13 mm of cancer in which 
0.5 mm displays Gleason pattern 4 and the re-
mainder is Gleason pattern 3, should be diag-
nosed as GS 3 + 4 = 7 [11]. Importantly, to apply 
the second rule correctly, the possibility of tan-

gential sectioning of Gleason pattern 3 glands 
masquerading as fused or poorly formed glands 
must be excluded.

Although Gleason noted the presence of more 
than two patterns in ~ 50 % of RP specimens, 
how to address tertiary Gleason patterns in the 
NB context is controversial, as incorporation of 
the third most common pattern is by definition 
contrary to Gleason’s original approach [10]. 
Nonetheless, in 1.5–4 % of cases, the pathologist 
encounters a core with three patterns of cancer, 
most typically, patterns 3, 4, and 5 (e.g., 3 + 4 = 7 
or 4 + 3 = 7 with a minor component of 5) [9]. The 
2005 ISUP group recommended that such cases 
be overall classified as high grade (primary grade 
+ highest grade), due to the possibility that the 
highest grade is a more significant component in 
the gland and so that the highest grade would be 
utilized by clinicians when assessing risk using 
a variety of predictive models, which only allow 
for two grades. For example, a core with 10 mm 
of cancer comprised of 65 % pattern 3, 25 % pat-
tern 4, and 10 % pattern 5, would be diagnosed 
as GS 3 + 5 = 8 [11]. A subsequent NB study has 
supported this “first + worst” approach, finding 
earlier time to and percentage of patients with 
biochemical recurrence in patients with GS 7 
with tertiary pattern 5 compared with GS 7 alone 
[18].

When NB cores are submitted in separate 
containers and/or have a clearly designated 
location, the pathologist should assign a separate 
GS to each sampled core, rather than an overall 

Table 4.3  Reporting recommendations for special Gleason grading scenarios on needle biopsy specimens
Scenario Recommendation
Only one grade present (e.g., GG 3) Double that grade (assign GS 3 + 3 = 6)
Abundant high-grade cancer (e.g., GG 4) with < 5 % 
lower-grade cancer

Ignore the lower-grade cancer (assign GS 4 + 4 = 8)

Smaller focus with mostly GG 4 and few glands of GG 3 Since GG 3 occupies > 5 %, include lower-grade cancer 
(assign GS 4 + 3 = 7)

Abundant GG 3 with any extent of GG 4 Include the higher grade (assign GS 3 + 4 = 7)
Three grades (e.g., GG 3, 4 and 5) present Classify as high grade (assign most common + highest 

grade)
NB: multiple cores showing different grades—cores sub-
mitted separately and/or with designated location

Assign separate GS to each core

NB: multiple cores showing different grades—all cores 
submitted in one container or cores are fragmented

Assign overall GS for the specimen

GG Gleason grade, GS Gleason score, NB needle biopsy
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or averaged score for the entire biopsy session 
[11, 19]. Such practice avoids weakening the 
predictive power of the highest GS (e.g., one 
core showing 4 + 4 = 8 and multiple cores show-
ing 3 + 3 = 6; overall GS would assign 3 + 4 = 7) 
and is buoyed by studies demonstrating that the 
highest GS in a specimen correlates with grade 
and stage at RP [20]. There is no uniform manner 
of grading cores of differing GS when multiple 
cores are submitted in one container without site 
designations. These settings are problematic as 
the relationship of each core/fragment to another 
is unclear and the potential for over-grading is in-
creased. So as not to impose a seemingly precise 
assessment in an inherently imprecise scenario, 
logic dictates that the pathologist would assign 
an overall GS in these cases.

Grading Irradiated Cancer
Radiation therapy (external beam and/or brachy-
therapy [“seeds”]) is commonly used to treat 
clinically localized or locally advanced PCa . In 
the setting of a rising PSA postradiation therapy, 
a biopsy is performed to distinguish local recur-
rence from metastatic disease and for histologi-
cal confirmation if salvage RP is to be attempted. 
Occasionally, the pathologist is not informed of a 
radiation therapy history and it is therefore essen-
tial to recognize the changes in benign and ma-
lignant glands that occur with this intervention, 
which have been well-described elsewhere [21].

While in the past, benign tissue with marked 
therapeutic effect may have been diagnosed as 
atypical, increased recognition that these changes 
are therapy-related has aided their correct iden-
tification. Cancerous foci exhibiting profound 
treatment effect secondary to radiation typically 
display infiltrative poorly formed glands or sin-
gle cells with moderate-to-abundant vacuolated 
clear cytoplasm and prominent nucleoli [21] 
(Fig. 4.4). When only irradiated cancer is seen, 
the case may be signed out as “adenocarcinoma 
with profound treatment effect” and not graded. 
When usual-type PCa is solely present post-
therapy, such that the observed cancer is indis-
tinguishable from that of a patient who had not 
received radiation, the cancer is graded. In cases 
in which both gradable cancer and cancer with 

treatment effect are seen, a reasonable approach 
is to assign a GS and add a note stating that “the 
assigned Gleason score reflects the gradable por-
tion of the carcinoma (%); the remaining cancer 
shows profound treatment effect” [9].

Determining whether “gradable” cancer is 
present is crucial for clinical management as 
studies of postradiation NB with 10 years follow-
up indicate that the biochemical recurrence-free 
and distant failure rates for patients having only 
cancer with profound treatment effect are simi-
lar to those with benign NB as opposed to pa-
tients with gradable cancer [22]. In other words, 
the presence or absence of gradable cancer in a 
postradiation therapy NB is a major indicator of 
clinical outcome.

Needle Biopsy Gleason Grade  
as a Measure of Risk
Accumulated evidence from over 40 years of ap-
plication has shown the biopsy GS to be the most 
significant predictor of pathologic outcomes at 
RP, as well as one of the key predictors of clini-
cal outcomes post-RP and radiation therapy [2−5, 
23, 24]. GS on NB may also be used to determine 
therapeutic choices, the extent of neurovascu-
lar bundle resection or performance of a pelvic 
lymph node (LN) dissection. Consequent with the 
evolution described above, the value of grouping 
GS (i.e., GS ≤ 6, 7, 8–10), such that each group 
behaved worse than the group below it, was rec-
ognized. Further substratification of GS 7 based 

Fig. 4.4  Adenocarcinoma with profound radiation treat-
ment effect: note poorly formed glands and single cells 
with vacuolated clear cytoplasm
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on primary grade (i.e., GS 3 + 4 = 7 vs. 4 + 3 = 7) 
has also been shown to influence pathologic and 
clinical outcomes [25] and is routinely reported. 
More controversy exists as to whether GS 8–10 
should be considered a homogenous group, as 
one study suggests that PCa with NB GS 9–10 
are associated with a much worse prognosis than 
GS 8 [26]. Since GS is incorporated into every 
predictive tool [2–4] that has been designed for 
PCa, the accurate and reproducible application 
of this system has clinical meaning. Major edu-
cational efforts in the past two decades have re-
sulted in significantly better correlation for GS 
on biopsy between community and academic pa-
thologists [23].

Since the 2005 ISUP conference, few formal 
studies have evaluated its impact [12, 27] and 
these have been small cohorts with limited follow-
up. As many of the “changes” represent modifica-
tions by groups of pathologists over time, such an 
exercise may not be fruitful, as using 2005 as a 
dividing line between an “old” and “new” system 
may be biased and inaccurate [9]. These studies 
have generally documented a higher percent-
age of NB specimens with GS ≥ 7 in post-2005 
cohorts, as well as somewhat improved biopsy–
prostatectomy GS correlation and prediction of 
biochemical-free progression after RP.

Extent of Tumor Involvement

For core biopsy specimens, the absolute num-
ber of cores examined and involved is routinely 
reported. In cases with one core submitted per 
container, this assessment is simple. In the event 
of multiple cores per container, the degree to 
which tissue fragmentation has taken place will 
impact this determination.

Once a diagnosis of cancer has been rendered 
for a given NB core, there are multiple measures 
of tumor quantification which have been reported 
to correlate with pathologic grade and stage as 
well as to predict biochemical recurrence [28, 
29]. However, many of these evaluations are te-
dious, not routinely used in contemporary prac-
tice and may add little to the predictive accuracy 
of more simple measurements. On the other hand, 

there is overwhelming consensus that in addition 
to the number of cores involved, some quantita-
tion of tumor extent on a per core basis should 
occur, whether by visual estimation of linear ex-
tent in millimeters, percentage of core involve-
ment, or both. When multiple cores are submitted 
in the same cassette, there is a higher likelihood 
of fragmentation [8] and it may be most prudent 
to report the percentage of the overall fragmented 
specimen involved by cancer in these cases.

Within a given NB core, foci of cancer may 
be present continuously or discontinuously along 
the length of the specimen. In the former case, 
length in millimeters and/or percentage of core 
involvement is readily assessed. When multiple 
foci of carcinoma are separated by intervening 
benign prostatic glands and stroma some pathol-
ogists will “collapse” the tumor by disregarding 
the intervening tissue [28] while others will mea-
sure the farthest distance between the outer-most 
foci and report the entire length or percentage as 
if it was one unbroken focus (e.g., three small foci 
of carcinoma discontinuously involving 80 % of 
the core) [29]. This may result in vastly differ-
ing tumor quantitation, which may impact nomo-
gram predictions or eligibility for active surveil-
lance. Two contemporary studies of this specific 
issue convey different findings. The first study 
showed that in cores with discontinuous foci of 
cancer, stratifying the cancer lengths by various 
cutoffs of intervening stroma, below which dis-
continuous foci would be measured as one focus, 
yielded equal prognostic significance [28]. In 
contrast, another report has suggested that for 
cancer-bearing cores in which the NB GS is re-
flective of the entire tumor in the RP specimen, 
quantitating discontinuous foci as one unbroken 
focus correlates better with pathologic outcomes 
[29]. Given the limited evidence, it is not pos-
sible to draw a definitive conclusion at this time.

Perineural Invasion

Perineural invasion—defined as cancer tracking 
along or circumferentially around a nerve—is a 
relatively ubiquitous finding in RP specimens. In 
NB, an incidence between 11 and 38 % has been 
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reported [30]. There appears to be functional bi-
directional communication between nerves and 
prostatic carcinoma cells accounting, at least 
in part, for perineural growth which is a major 
route of extraprostatic extension. Significant 
controversy exists as to whether this finding on 
NB predicts extraprostatic spread at RP and/or 
biochemical recurrence post-therapy (surgical or 
radiation). Reviews by Bismar et al. and Harn-
den et al. reveal that while most studies find peri-
neural invasion to be predictive of extraprostatic 
extension in univariate analysis, its importance 
is not retained once PSA, clinical stage, and bi-
opsy GS (common preoperative parameters) 
are considered in multivariate analysis [30, 31]. 
Similarly, there are conflicting data as to whether 
perineural invasion predicts for recurrence after 
surgery or radiation therapy. Importantly, studies 
which analyzed perineural invasion in specific 
patient groups stratified by PSA levels, clinical 
stage, GS, and/or NB tumor extent have found it 
to be an independent prognostic factor [30].

Urologic surgeons react in different ways to a 
report of perineural invasion on NB, with some 
considering this an indication to abandon nerve-
sparing surgery. Recent data, however, suggest 
that bilateral nerve sparing may be performed 
without compromising oncologic efficacy in the 
majority of patients [32]. Taking into account the 
relative ease of identifying perineural invasion 
and its proposed significance in at least some 
patient groups, this finding is routinely reported.

High-Risk Lesions and Putative 
Precursors

Small Foci of Atypical Glands, Suspicious 
for Carcinoma
“Atypical small acinar proliferation” (ASAP) 
and “small focus of atypical glands suspicious 
for carcinoma (ATYP)” are terms that refer to 
a focus of acini that is suspicious for cancer but 
lacks sufficient architectural and/or cytological 
atypia for a definitive diagnosis. If used correctly, 
these terms reflect the pathologist’s uncertainty 
as to whether a given glandular focus can be 
assigned a cancer diagnosis. It is therefore im-

portant that ASAP/ATYP not become a “waste-
basket” diagnosis, subsuming a large spectrum of 
lesions. Rather, it should be a diagnosis of last 
resort, one in which the pathologist, after careful 
consideration using H&E criteria and ancillary 
immunohistochemical studies as appropriate, is 
unable to arrive at a definitive benign or cancer 
diagnosis [9].

There are many reasons for a finding of ASAP. 
Some of the more common struggles include: 
atypical glands that are few in number, foci with 
procedural-related crush or fragmentation arti-
fact, crowded glands with minimal cytological 
atypia, glandular foci associated with significant 
inflammation, and small acinar foci in which out-
pouching/tangential sectioning of HGPIN cannot 
be distinguished from limited cancer adjacent to 
HGPIN [33].

It is important to recognize atypical foci suspi-
cious for cancer in prostatic needle biopsies due 
to their association with cancer on repeat biopsies 
[34]. In this sense, ASAP may be seen as a risk 
factor for the subsequent finding of cancer, with 
the existing literature reporting an average 40 % 
risk of cancer following this diagnosis, a rate has 
been stable for nearly two decades [34]. In some 
cases, a focus of atypical glands is closely associ-
ated with a focus of high-grade PIN, a phenom-
enon which seems to carry a risk of cancer on 
repeat biopsy similar to ASAP. It is incumbent 
upon the pathologist to communicate to his/her 
colleagues the clinical import of these findings, 
so that appropriate follow-up, in the form of early 
repeat NB, may be performed [9].

High-Grade Prostatic Intraepithelial 
Neoplasia
Although PIN was first described in the 1960s 
by McNeal, formal characterization did not occur 
until the late 1980s when it was first termed 
“intraductal dysplasia” and quickly evolved to 
“PIN” [35]. Current evidence from a variety of 
sources has rendered high-grade PIN the only 
well-established precursor to prostatic adenocar-
cinoma [33, 34].

Morphologically, PIN describes architectural-
ly benign prostatic glands lined by atypical cells. 
After initially being divided into three grades, 
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PIN was more concisely classified as either low 
grade (approximating grade 1) or high grade 
(approximating grades 2–3), with prominent 
nucleoli being the primary distinguishing factor 
[35]. In the past two decades, however, it has be-
come evident that (a) there is low interobserver 
reproducibility for a diagnosis of low-grade PIN, 
with even urologic pathologists having difficulty 
separating this entity from slight variations of 
normal prostatic glandular architecture, and (b) 
low-grade PIN does not convey a significantly 
increased risk of cancer in follow-up biopsy 
when compared with an initial benign diagnosis 
[34]. As a result, the diagnosis of low-grade PIN 
has largely faded from the pathology-reporting 
spectrum, such that a diagnosis of PIN today re-
fers to high-grade PIN.

Recent reviews reveal a large range of inci-
dence, from 0 to 24.6 % on initial NB, with no 
apparent relationship between PIN detection 
and number of cores sampled, year of sampling 
or academic versus community practice settings 
[33, 34]. This wide variation may be partially 
explained by the subjective nature of evaluat-
ing “cytologic atypia,” specifically the presence 
of prominent nucleoli (how prominent? how 
many?), as well as multiple histological artifacts 
(thick sections; fixatives that enhance nucleo-
lar detail). The difficulty in defining “atypia” is 
highlighted in the responses to a survey of uro-
logic pathologists that inquired as to how promi-
nent/how many nucleoli are required for a PIN 
diagnosis. “Any visible at ×40 magnification,” 
“any visible at ×20 magnification,” “any vis-
ible regardless of magnification,” “in > 10 % of 
secretory cells at ×40 magnification,” “in > 10 % 
of secretory cells at ×20 magnification,” and “in 
> 10 % of secretory cells regardless of magnifica-
tion” garnered 16, 17, 19, 11, 9, and 13 % of re-
plies, respectively, demonstrating great variabil-
ity [36] and indicating the need for more specific 
diagnostic criteria to increase the reproducibility 
of a PIN diagnosis.

While the incidence of high-grade PIN does 
not appear to be dependent on the number of 
cores sampled, with studies in the 6-core and 
12-core eras showing similar variability in PIN 

detection [34], a significantly decreased inci-
dence of cancer detection following a high-
grade PIN diagnosis has been observed [34, 37]. 
Although the literature reveals a large range of 
cancer incidence post-high-grade PIN diagnosis 
(from 2.3 to 100 %), a more careful look reveals 
an incidence of ~ 50 % in 1990s studies which 
has dropped to ~ 20 % post-2000. This change 
approximates the shift toward more extended 
NB schema, which is now routine practice. Fur-
thermore, recent studies which examine the risk 
of cancer on re-biopsy following a diagnosis of 
high-grade PIN compared with that following 
a benign diagnosis have shown no statistically 
significant differences [37]. This has led some 
to propose that early repeat NB is not required 
for men within 1 year of a PIN diagnosis, espe-
cially if there is only one core with high-grade 
PIN. When the initial biopsy has multifocal (> 1 
core with PIN), the risk of cancer on immediate 
repeat biopsy is about 40 % and justifies repeat 
NB within the first year [38]. However, the long-
term risk of cancer with unifocal HGPIN on ini-
tial biopsy remains unknown.

Intraductal Carcinoma
Intraductal carcinoma of the prostate is charac-
terized by a malignant proliferation of epithelial 
cells conforming to the contours of often-ex-
panded native ducts and/or acini displaying basal 
cells. Early descriptions from RP specimens 
drew attention to the fact that in contradistinc-
tion to high-grade PIN, intraductal carcinoma 
is rare in areas away from carcinoma [39]. This 
dichotomy is also reflected in needle biopsies, 
where it is rarely seen in the absence of invasive 
cancer. Further studies revealed associations with 
high GS and tumor volume, as well as increased 
rates of extraprostatic extension, seminal vesicle 
invasion, and recurrence after RP [40, 41]. Based 
on this evidence, most have argued that intra-
ductal carcinoma is part of the evolution of PCa 
(a late event) or alternatively an aggressive pre-
cursor (which may or may not arise from PIN). 
Recent follow-up series of NB containing exclu-
sively intraductal carcinoma have shown that the 
overwhelming number has invasive cancer with 
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GS ≥ 7  and  pT3  disease  at  subsequent RP  [40]. 
These associations reveal the critical importance 
of  separating  high-grade  PIN  from  intraductal 
carcinoma on NB.
Diagnosing intraductal carcinoma may be dif-

ficult,  as  its  description may  overlap with  that 
of high-grade PIN in a given case. Additionally, 
it  should  be  recognized  that  unlike  ductal  car-
cinoma, a morphologic phenotype/variant, intra-
ductal carcinoma is a growth pattern of cancer, 
the morphology of which can be acinar or ductal. 
The most commonly agreed upon distinguishing 
criteria are  those of  intraductal  foci with dense 
cribriform to solid masses with or without com-
edonecrosis. Though not always present, marked 
nuclear  atypia,  in  the  form  of  striking  nucleo-
megaly,  hyperchromasia,  and/or  overt  pleo-
morphism, has been  repeatedly associated with 
intraductal  carcinoma  (Fig.  4.5).  In  practice, 
identifying rounded or circumscribed masses of 
malignant  cells with  complex  architecture  and/
or obvious nuclear atypia and a preserved basal 
cell layer should raise the diagnostic possibility 
of  intraductal  carcinoma  [9].  Given  the  well-
established  correlation  with  high-grade,  high-
stage disease at RP, when detected, the presence 
of intraductal carcinoma should be noted in NB 
reports.

Pathology Reporting for Prostate 
Cancer: Radical Prostatectomy 
Specimens

Essential  reporting  elements  for  cancer-bearing 
radical prostatectomy specimens are summarized 
in Table 4.4.
Assessment of pathologic parameters, includ-

ing  GS,  presence  of  extraprostatic  extension, 
seminal  vesicle  invasion,  LN  metastasis,  and 
surgical  margin  status,  among  others,  are  cru-
cial  in  determining  the  prognosis  following RP 
as precise characterization of these factors is the 
cornerstone of modern predictive models for bio-
chemical recurrence and survival [2–5]. While a 
number  of  groups  have  published  detailed  rec-
ommendations  regarding  the  handling,  grading, 
and staging of RP specimens [42–48], in this seg-
ment the rationale and key considerations for the 
major  reporting  elements  in  this  specimen  type 
are highlighted.

Specimen Handling and Sectioning

Most  pathology  laboratories  receive  RP  speci-
mens  in  formalin.  However,  with  expanded 
emphasis on tissue procurement and snap-freez-

Table 4.4   Essential  reporting  elements  for  cancer-
bearing radical prostatectomy specimens
Gleason grades/score
Primary + secondary patterns
Tertiary pattern
Location of tumor/dominant tumor mass
Extraprostatic extension
Present/absent
Extent (focal vs. established)
Location
Seminal vesicle invasion
Present/absent
Margin positivity
Present/absent
Location
Treatment-related changes
Lymphovascular invasion
pT stage
Lymph node metastasis

Fig. 4.5   Intraductal  carcinoma:  solid  growth  of malig-
nant  cells with marked  nuclear  atypia;  note  the  evident 
basal cells at multiple points in the periphery of the duct
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ing  of  fresh  tissues  for molecular  and  genomic 
studies,  pathologists  increasingly  receive  pros-
tatectomies without fixative [44]. This condition 
raises  the  possibility  of  altered  protein,  DNA, 
RNA,  or  gene  expression  depending  on  the 
length of ischemia [9].
Once received, RP specimens are measured in 

vertical (apex to base), transverse (right to left), 
and sagittal (anterior to posterior) dimensions. A 
specimen weight is also determined which most 
commonly  conveys  the  weight  of  the  prostate 
with  attached  seminal  vesicles,  although  at  the 
recent  ISUP  conference  on  handling  and  stag-
ing of radical prostatectomy specimens there was 
consensus that the prostate weight should be re-
corded without the seminal vesicles [44]. Speci-
mens are  routinely  inked  to  enable  (a)  accurate 
assessment of surgical margins and (b) accurate 
identification of laterality—when more than one 
color ink is used.
While prostates from which fresh tissue will 

be harvested may be sectioned in the fresh state, 
sectioning  is  clearly  facilitated when  the gland 
is  fixed,  allowing  for more uniform slicing. At 
the prostatic  apex,  evaluation of prognostically 
significant  features,  including  the  presence  of 
tumor  at  the margin,  necessitates  evaluation of 
the  entire  convexity  of  the  apical  surface. The 
most effective method  to accomplish  this  is by 
taking  an  approximately  3  mm  section  of  the 
most apical portion of the gland and then “con-
ing” the resultant disk to submit the entire apex. 
At the ISUP conference, it was found that most 
urologic  pathologists  preferred  sagittal  coning 
(to  ensure  blocks  of  uniform  thickness)  as  op-
posed to the radial cone method employed in the 
cervix  [44].  In  this  way,  each  coned  fragment 
has one inked surface that reflects the true apical 
margin.
Assessment  of  the  bladder  neck  margin  has 

clinical import, yet the optimal method for evalu-
ation is much less clear. In order to report tumor 
in  “bladder  neck”  tissue  at  RP,  one  must  see 
cancer glands in thick muscle bundles (detrusor 
muscle-  or muscularis  propria-like)  outside  the 
prostate  (see Chap.  3). However,  the  degree  of 
bladder  neck  tissue  resected with  the  specimen 
by  the  urologic  surgeon  may  vary  and  is  not 
easily visualized due  to  tissue contraction upon 

removal from the patient. Moreover, it had been 
demonstrated  that  detrusor-like muscle  bundles 
continue over the anterior and lateral aspects of 
the prostate from base to mid-gland [49]. Hence, 
while most laboratories employ a similar section-
ing and coning method as in the apex [44],  this 
protocol may  not  truly  reflect  the  bladder  neck 
margin.
Sampling of  the  seminal vesicles  is  likewise 

vital to PCa staging. While there is general agree-
ment that sections should be taken at the junction 
of  the  prostate  and  seminal  vesicles  bilaterally 
[47] to exclude the possibility of tumor invasion 
by  direct  extension,  there  is wide  variability  in 
how much of the remainder should be sampled. 
As other routes of tumor spread to seminal ves-
icles by lymphovascular invasion or in conjunc-
tion  with  extraprostatic  extension  have  been 
reported  [50],  it may be  reasonable  to  consider 
some degree of enhanced sampling, e.g., one ad-
ditional section from the mid-seminal vesicle, in 
addition to the junctional section.
Whether  one  partially  or  totally  embeds  the 

prostate  is  largely  dependent  on  the  nature  of 
the institution and its investment in research, tis-
sue  harvesting,  and/or  correlation with  imaging 
studies. Regardless of the approach, the most di-
agnostically and clinically useful method is one 
that  provides  maximal  information  on  grade, 
stage,  and margin  status. While  there  are many 
approaches  for  subtotal  sampling, Sehdev et  al. 
compared  ten  sampling  techniques  in  patients 
with  cT1c  tumors  with  one  or  more  adverse 
pathologic  findings  (e.g.,  GS ≥ 7,  extraprostatic 
extension,  margin  positivity)  and  described  a 
method with comparable results  to whole gland 
submission. This entailed embedding every pos-
terior section and one mid-anterior section from 
both right and left. If either anterior section had 
potentially dominant (by size) tumor, all anterior 
sections  were  submitted.  This  method  detected 
> 95 %  of  adverse  features  [51]  and  represents 
a  practical  alternative  for  institutions  not wish-
ing to submit the entire gland. Centers opting for 
subtotal submission of the gland should balance 
its benefits against the additional effort expended 
in keeping track of remaining tissue, subsequent 
embedding of additional blocks, dictating amend-
ed reports, and/or a delayed final diagnosis [44].
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Multifocality, Zonal Origin, and 
Defining the Index (Dominant) Tumor

Multifocality
The tendency of PCa to develop in a multifocal 
fashion is well established, with reported rates 
between 60 and 90 % in surgically removed 
glands [52]. Although the biological basis for 
multifocality still requires clarification, this 
aspect of PCa has significant impact on RP 
reporting, especially in assigning zonal origin, 
identifying the index or dominant tumor nodule, 
as well as in grading and staging.

Zonal Origin
Numerous studies have claimed that transition 
zone tumors should be considered and reported 
separately from peripheral zone tumors. In part, 
these observations were based on a series of stud-
ies from the late 1980s and early 1990s in which 
investigators identified transition zone tumors by 
distinctive histology, including well-differentiat-
ed glands of variable size and contour, composed 
of tall cuboidal to columnar cells with clear-
to-pale pink cytoplasm, basally oriented nuclei, 
and occasional eosinophilic luminal secretions 
[53]. These studies concluded that this “clear 
cell” appearance was a marker of transition 
zone tumors, which were associated with a more 
indolent course, higher cure rate, and overall 
more favorable prognosis. Few studies, however, 
compared tumors arising in the transition zone 
with those arising in the anterior peripheral zone, 
the predominant glandular tissue of the apical 
prostate.

A recent large-scale analysis of anterior 
dominant tumors, in which zone of origin was 
determined using an anatomy-sensitive approach 
emphasizing the variability in anterior prostatic 
anatomy from apex through base, showed that 
the majority of dominant anterior tumors in the 
prostate are actually of anterior peripheral zone 
origin. No significant differences in GS, inci-
dence of extraprostatic extension, or overall 
surgical margin positivity rate were observed 
between anterior peripheral zone and transition 
zone tumors [53]. Therefore, while it is important 
to recognize the increasing percentage of anterior 

dominant prostatic tumors, there is less definitive 
evidence at this time to specify zone of origin in 
the pathology report [9].

Index or Dominant Tumor
The notion of an index or dominant tumor was 
originally proposed by McNeal and Stamey at 
Stanford, who measured the volume of the larg-
est tumor nodule and correlated this with out-
come [54]. While empiric experience and logic 
dictate that the dominant nodule by size will be 
associated with the highest GS and will be the 
stage-determining lesion, up to one third of cases 
may not conform to this rule [52]. While it is 
relatively easy to report a dominant nodule loca-
tion in the former case, there is no consensus as 
to how the index lesion should be designated in 
those cases for which size, grade, and stage do 
not converge in a single tumor nodule [45]. This 
leads to diagnostic challenges in GS assignment 
and staging. Although there was no consensus 
at the 2009 ISUP conference as to the defining 
features of the dominant/index tumor in a radical 
prostatectomy specimen, there was great support 
for the concept that tumor size and Gleason grade 
are the two most important parameters to be con-
sidered. Slightly less support was obtained for the 
suggestion that the dominant/index tumor should 
be defined on the basis of pathologic stage. It was 
suggested that the tumor with the highest grade 
and/or stage might also be more appropriately 
considered to be the dominant/index tumor for 
the purpose of correlating imaging studies with 
subsequent prostatectomy findings.

Radical Prostatectomy Gleason Grading

Grading of Specimens with Separate 
Tumor Nodules
While the general principles, historical back-
ground, and recent modifications in morphology 
to Gleason grading are equally applicable to NB 
and RP specimens, there are a number of GS re-
porting elements specific to RP. The first is the 
grading of cases with separate tumor nodules, 
best illustrated using two examples: (1) a gland 
with multiple tumor nodules in which the largest 
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nodule has GS 4 + 4 = 8, while multifocal smaller 
nodules with GS 3 + 3 = 6 are also present. As-
signing an overall GS in such a case may result in 
a diagnosis of 4 + 3 = 7 or even 3 + 4 = 7 depending 
on the extent of the multifocal disease. In light 
of limited data, the 2005 and 2009 ISUP confer-
ences [11, 45] recommended assigning a separate 
GS to each dominant tumor nodule. In this case, 
the reported GS would only reflect the dominant 
nodule by size, i.e., GS 4 + 4 = 8, without the need 
to record smaller foci of lower-grade tumor; (2) a 
gland with multiple nodules, in which the largest 
nodule has GS 3 + 3 = 6 while a smaller nodule 
shows GS 3 + 4 = 7. Here grading on the basis of 
the dominant nodule by size alone may underes-
timate the biologic potential of the tumor. Hence, 
the 2005 ISUP group recommended reporting 
two GSs, one for the largest nodule (i.e., GS 
3 + 3 = 6) and one for the nodule with highest 
grade (i.e., GS 3 + 4 = 7). This approach would 
lead to separate GS for at most two nodules in 
the overwhelming majority of cases [11]. How-
ever, given the lack of evidence in the literature, 
it is also reasonable to assign one GS of 3 + 4 = 7 
as this may be utilized in a more straightforward 
fashion by clinicians in prognostic nomograms. 
A similar strategy may be used when no domi-
nant nodule is present and scattered small foci of 
GS 3 + 3 = 6 and 3 + 4 = 7 comprise the tumor [9].

Tertiary Gleason Grades
The definition of tertiary Gleason grade in RP 
specimens is not analogous to that of NB because 
(a) the entire tumor is available for examination 
and (b) the multifocal nature of PCa impacts 
its assessment [11]. Technically, the extent of a 
tertiary or “third most common” grade can vary 
from < 1 to ~ 30 %. While there is no consensus 
definition, a number of authors have used < 5 % 
higher-grade tumor (usually pattern 5) as a cut 
off, choosing to regard the highest pattern as the 
secondary pattern if more abundant than 5 % [55]. 
A significant difficulty is imposed by the routine 
omission of tertiary grades in clinical manage-
ment due to the presence of only two grades in ex-
isting nomograms. Nonetheless, recognition and 
assignment of tertiary grades in RP specimens is 
widely practiced, with data suggesting that GS 

3 + 4 = 7 tumors with a minor component of pat-
tern 5 have similar stage and risk of biochemical 
progression to GS 8 tumors. Interestingly, while 
RP with GS 4 + 3 = 7 and a minor component of 
pattern 5 fare worse than GS 4 + 3 = 7 tumors, 
they are not akin to GS 4 + 5 = 9 tumors [55], un-
derscoring the impropriety of adopting a “first + 
worst” approach as in NB specimens. Whether it 
is appropriate to assign tertiary patterns in cases 
with, for example, overwhelming Gleason pat-
tern 3 and < 5 % pattern 4 is more controversial.

Grading After Androgen Ablation 
(Hormonal) Therapy
Since the prostate is an androgen-responsive 
organ and the androgen pathway plays a key role 
in development of function of the gland, andro-
gen-related molecules/enzymes are molecular 
targets for hormonal ablation therapy, especially 
in patients with advanced disease. Limited hor-
monal therapy may also be administered prior 
to radical prostatectomy to reduce gland size. 
Therefore, similar to biopsies’ postradiation 
therapy, it is important to recognize changes in 
benign and malignant glands introduced by hor-
monal ablation.

While benign tissue may exhibit glandular 
atrophy in the form of cytoplasmic diminution 
resulting in glandular lining cells that appear 
cuboidal and flat, relative basal cell prominence 
and occasionally squamous metaplasia, stromal 
edema, and/or fibrosis [56], the profound treat-
ment effect on cancer glands is more pronounced. 
Glands may have little cytoplasm and hyperchro-
matic, yet pyknotic nuclei in which only their 
infiltrative growth is indicative of cancer. Aggre-
gates of cells with pyknotic nuclei and abundant 
xanthomatous cytoplasm, resembling histiocytes 
as well as largely acellular mucin pools with rare 
floating single cells may also be seen, such that 
positive immunohistochemical labeling for pan-
cytokeratin and PSA as well as negative basal 
cell markers/positive racemase may be required 
to establish the diagnosis. Limited cancer with 
treatment effect may be a cause of understag-
ing in such patients and careful evaluation of 
the margins and extraprostatic tissue should be 
undertaken [56]. Reporting recommendations for 
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grading are similar to those for radiation therapy, 
though whether a tumor shows profound treat-
ment effect or not is of less clinical consequence, 
as hormonal therapy does not negate adverse out-
comes in the long term.

Organ-Confined Disease: pT2 
Substaging

A controversial area of RP reporting, still in 
evolution, is substratification of organ-confined 
disease [45]. With the advent of the tumor-nodes-
metastasis (TNM) staging in 1992, pathologic 
stage T2 PCas were assigned to one of three cat-
egories: (a) pT2a—tumors occupying less than 
one half of one lobe, (b) pT2b—tumors occu-
pying greater than one half of one lobe, or (c) 
pT2c—tumors involving both lobes, to parallel 
the clinical staging system. However, differences 
between the staging systems (DRE vs. patho-
logic evaluation of RP specimens) were evident 
and using this substaging, few pT2b tumors were 
identified [9]. The pT system was simplified in 
1997 to include pT2a: tumors confined to one 
lobe and pT2b: bilateral disease. This modifica-
tion created the illogical circumstance in which 
bilateral small foci of disease could receive a 
higher stage than a unilateral large lesion [45]. 
Limited clinical utility and correlation with clini-
cal staging led to reversal of the 1997 TNM in 
its 2002 and 2010 iterations, such that three sub-
categories are now listed. However, a number of 
studies in the past decade demonstrate that patho-
logic substaging of organ-confined disease by 
any of the above systems lacks prognostic import 
[9, 45]. While many still report pT2 substages 
at this time, a recent ISUP recommendation was 
that this practice was optional and should be 
modified in the future [45].

Extraprostatic Extension

In pathologic terms, extraprostatic extension 
refers to the presence of tumor beyond the  
borders of the gland. While this terminology 
may convey ease in application, the reality of 
determining extraprostatic extension in practice 

is highly dependent on anatomic location and 
the presence of desmoplastic reaction to tumor 
and/or biopsy-related changes. The basic bound-
ary of the prostate is a condensed fibromuscular 
layer of prostatic stroma, rather than a true, epi-
thelial-lined capsule. Early observations showed 
that although the boundary was usually intact in 
the posterior and posterolateral aspects of the 
gland, this was not the case in the apex, anterior, 
or bladder neck regions [57]. Not surprisingly, 
interobserver variability studies among patholo-
gists targeting extraprostatic extension report the 
most variation in areas and cases without clear 
anatomic landmarks.

The most easily recognizable sign of extra-
prostatic extension is tumor admixed with peri-
prostatic fat. In the posterolateral prostate, a pT3a 
stage may also be assigned to tumor identified 
within loose connective tissue and/or perineural 
spaces of the neurovascular bundles and, when 
present, to distinct tumor nodules within des-
moplastic stroma that bulges beyond the pros-
tatic contour [46]. There is debate as to whether 
extraprostatic extension can be diagnosed at the 
apex and how to separate this finding from apical 
margin positivity [57]. The current convention is 
to call tumor organ-confined at the apex as long 
as tumor is not at the inked margin. The pres-
ence of skeletal muscle (apex) and blood vessels 
(apex through base) both in the anterior prostatic 
stroma and in the anterior extraprostatic space, 
coupled with blending of the prostatic stroma 
with extraprostatic smooth muscle bundles (mid 
to base), leave invasion into or at the level of 
adipose tissue as the most reasonable diagnostic 
feature of extraprostatic extension in the anterior 
prostate [58].

Once the presence or absence of extraprostatic 
extension has been established, some method of 
quantitation is routine [46]. The two most com-
mon approaches are those of Epstein [59] and 
Wheeler [60], which both distinguish “focal” 
from “established” extraprostatic extension (see 
Chap. 3). Using these subjective, yet readily ap-
plicable criteria, clinically meaningful separation 
of pT3a patients can be achieved. Extraprostatic 
extension is a significant parameter in nearly all 
postoperative predictive tools in use today [2, 
4]. Although pathologists typically report the 
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location(s) of extraprostatic extension, this pa-
rameter has no known prognostic significance 
in the absence of a positive margin at the site 
(Fig. 4.6).

Bladder Neck Invasion

In a significant change from prior versions, the 
2010 TNM classification categorizes micro-
scopic bladder neck invasion as pT3a, rather than 
together with gross invasion (pT4) (see Chap. 3). 
This change represents the culmination of a de-
cade of work in which the clinical significance 
of microscopic bladder neck invasion was chal-
lenged [46]. The overwhelming number of studies 
found that usual grading and staging parameters, 
but not microscopic bladder neck invasion alone, 
were independent predictors of progression or 
that patients with this finding have a greater like-
lihood of 3- and 5-year progression-free survival 
than those with seminal vesicle invasion [61].

While this is now the consensus in the uro-
logic pathologic community, there exists some 
variability in defining microscopic bladder neck 
invasion based on the specimen handling consid-
erations highlighted above. All prior studies have 
called microscopic bladder neck invasion when 
malignant cells or glands invade thick smooth 
muscle bundles in the bladder neck section [46]. 
However, equating this with bladder neck margin 
positivity will depend on whether specimens are 
coned (not equated) or shaved (equated). Impor-

tantly, microscopic bladder neck invasion should 
be distinguished from tumor intermixed with be-
nign prostatic glands in the bladder neck section; 
this may represent either a false positive margin 
due to the pathologist obtaining too thick a shave 
margin or a true positive margin in an area of in-
traprostatic incision by the surgeon [9].

Seminal Vesicle Invasion

Tumor infiltration of the muscular wall of the 
seminal vesicle is a well-established adverse 
prognostic feature in PCa [47, 50]. Two decades 
ago, Ohori et al. studied a cohort of patients with 
seminal vesicle invasion and described three 
routes of spread from the prostate: (a) direct 
spread along the ejaculatory ducts at the base, (b) 
extraprostatic extension into peri-seminal vesicle 
soft tissue with ensuing seminal vesicle invasion, 
and (c) discontinuous spread (in cases where no 
prostatic base tumor was identified) [50]. While 
it is possible that the latter may reflect lympho-
vascular invasion, the distinction of seminal 
vesicle invasion types is not routine reporting 
practice [47].

There are three significant caveats regarding 
assessment of seminal vesicle invasion. The first 
is in assessment and staging of tumor invading 
peri-seminal vesicle soft tissue. While early stud-
ies designated these tumors within the rubric of 
“seminal vesicle invasion,” this finding is cur-
rently staged as pT3a (extraprostatic extension). 
Secondly, in the unusual case in which tumor 
is present in endothelial-lined lymphovascular 
spaces within the seminal vesicle wall alone, 
without overt muscular wall invasion, there is no 
consensus as to whether pT3a (tumor beyond the 
prostate) or pT3b (seminal vesicle invasion akin 
to muscular wall invasion) should be assigned. 
Similarly, whether to diagnose pT3b disease 
when tumor is seen at the ejaculatory duct-sem-
inal vesicle junction in prostatic sections is con-
troversial. Two approaches are (1) only diagnose 
pT3b when tumor is seen in the extraprostatic 
seminal vesicle or (2) allow for the diagnosis of 
tumor invading the “base of the seminal vesicle,” 
but require that it has a well-formed muscular 

Fig. 4.6  Positive surgical margin in an area of extrapros-
tatic extension
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coat and be topographically separate from pros-
tatic glandular tissue [47].

Lymph Node Metastasis

Pelvic LN dissection is the standard means for 
detecting LN metastasis in PCa [62] and LN 
metastasis is overwhelmingly associated with 
high-grade, high-stage, and large-volume disease 
[63]. Over the past three decades, the manner 
in which urologists and oncologists view the 
finding of LN positivity in relation to patient 
management has evolved. While finding LN 
metastasis on frozen section analysis was once 
an absolute contraindication to RP more recent 
studies have suggested the curative potential of 
LN dissection. Coinciding with the advent of risk 
stratification tools, which aid in selecting/avoid-
ing intervention, and the increasing popularity 
of minimally invasive surgery, evidence from 
groups such as CaPSURE suggests a steady de-
cline in the performance of LN dissection, espe-
cially for patients in low- and intermediate-risk 
groups [62]. However, great debate still exists in 
determining which risk categories warrant lymph 
node dissection and the extent of LN sampling 
that should be routinely performed. Two recent 
studies in large cohorts of LN-positive patients 
have shown that the typical limited sampling 
(external iliac LN only) detects only one third of 
positive LN and that 30–40 % of LN metastases 
may occur contralateral to the dominant tumor in 
the prostate [63], suggesting that current trends in 
LN sampling may need reassessment.

As a result, some urologic surgeons still send 
frozen section LN samples, though studies have 
revealed a relatively high false-negative and 
pathologists may be asked to evaluate either no 
LN, a limited sampling (usually bilateral external 
iliac nodes) submitted as “right and left pelvic 
lymph nodes” or occasionally, more extensive 
sampling by LN packet (external iliac, obtura-
tor, and hypogastric) [63]. This leads to extreme 
variability in the average number of LNs identi-
fied [47]. While pathologists routinely report the 
number of LN and the number involved by tumor, 
there is significantly more variation in reporting  
diameter of largest LN, diameter of largest met-

astatic focus, and the presence of extranodal 
extension [47], the independent prognostic value 
of which is not well defined.

Surgical Margins

Surgical margin status is a known prognostica-
tor for PSA recurrence and disease progression 
in PCa [48]. A positive surgical margin is de-
fined as tumor cells at the inked margin of the 
prostatectomy specimen, with an incidence of 
11–38 % in large series. This finding may occur 
in a region of extraprostatic extension (pT3 R1 
in 2010 TNM classification) or by intraprostatic 
incision into an otherwise organ-confined tumor 
(pT2 R1 in 2010 TNM classification or pT2 + in 
many institutions). While most have shown that 
it is predominantly positive surgical margins in 
pT3 disease (Fig. 4.6) that are relevant in terms 
of recurrence risk, the value of surgical margin 
positivity in otherwise organ-confined disease 
(pT2 +) has also more recently been elucidated. 
Studies by Chuang et al. and Stephenson et al. 
have found worse progression-free probability 
for pT2 + patients than those with organ-con-
fined/margin-negative disease [64, 65]. Hence, 
reporting of overall margin status as positive or 
negative should be uniform in pathology practice.

In many institutions, report of a positive mar-
gin is cause for initiating radiation therapy, as 
there is evidence to suggest that this reduces the 
rate of rising PSA after prostatectomy [66]. How-
ever, recognizing that a significant percentage of 
patients with positive margins never experience 
PSA recurrence, other clinicians apply for a more 
selective application of this adjuvant therapy, 
choosing instead to follow patients closely and 
treat only if biochemical recurrence occurs or 
there is clinical/radiological evidence of progres-
sion. A wealth of conflicting evidence attempting 
to substratify positive surgical margins by num-
ber, site, extent (including linear length in milli-
meters), or GS at a positive margin [67] has been  
reported in an attempt to find associations with 
biochemical recurrence. More recent analyses 
demonstrate that while many parameters are 
independently prognostic, no single parameter, 
including linear length and/or GS at the margin, 
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improved the predictive accuracy of a standard 
nomogram in which surgical margin status was 
modeled as positive versus negative [65, 67]. 
Further evaluation of the range of features may be 
necessary to determine which, if any, is the most 
robust predictor of outcome, warrants routine 
reporting and helps select patients most likely to 
benefit from adjuvant radiation therapy [9].

Tumor Quantitation

It has been long known that PCa  tumor vol-
ume correlates well with common adverse fea-
tures such as high GS, extraprostatic extension, 
seminal vesicle invasion, and clinical outcomes. 
Although many have studied the independent 
prognostic value of tumor volume, wide differ-
ences exist within cohorts such that half of large 
series find association with biochemical recur-
rence and half find no association [45, 68]. These 
results can be explained by differences in quan-
tification method, composition of the cohort and 
failure to demonstrate significance when added 
to commonly reported PSA and pathologic find-
ings. Hence, whether overall tumor volume was 
calculated by estimation of tumor percentage, 
number of blocks with tumors, ratio of involved 
to uninvolved blocks, greatest length × greatest 
thickness or by one of these measures for the 
dominant nodule alone [68], significantly impacts 
the ability to compare one study with another. 
The intimate correlation with other prognostic 
factors leaves the independent value of tumor 
volume uncertain at this time. Though in prac-
tice many pathologists report some measure of 
tumor volume/size and this is widely advocated 
by a variety of professional groups, including a 
recent ISUP conference [45], given the lack of 
uniformity and definitive evidence, there is no 
one recommended method for doing so.

Lymphovascular Invasion

Identifying lymphovascular invasion requires 
the presence of tumor cells within endothelial-
lined spaces conforming to the contour of the 

space and, when possible, attachment to the 
endothelium (Fig. 4.7) [46]. Care must be taken 
to exclude common artifacts including retraction 
around cancer glands or mechanical displace-
ment of tumor cells [69]. The reported incidence 
of lymphovascular invasion ranges from 5 to 
53 %, with most studies finding strong associa-
tions with high GS, positive surgical margins, 
extraprostatic extension, LN metastasis, and in 
univariate analysis, biochemical progression. 
Akin to the situation with tumor volume, the 
independent prognostic value of this marker is 
debatable due to differences between studies in 
specimen handling, definition of lymphovascu-
lar invasion, marked variation in number and 
follow-up between cohorts, inclusion of patients 
with LN involvement and whether specimens 
were rereviewed or garnered from the report 
[69]. While few investigators have stratified 
patients by stage and other features, Herman 
et al. and Yamamoto et al. have studied pT3aN0 
patients, finding lymphovascular invasion in 35 
and 28 % of cases and independent predictive 
value for PSA failure and clinical progression in 
multivariable analysis [70]. While further studies 
with standardized definitions and pathologic ex-
amination are needed, the relative ease of identi-
fication and reporting warrants the inclusion of 
lymphovascular invasion in routine pathology 
reports.

Fig. 4.7  Lymphovascular invasion by prostate cancer
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Introduction

The vast majority of prostatic neoplasms are 
epithelial, and the most common is conventional 
acinar prostatic adenocarcinoma. This chapter 
will focus exclusively on unusual epithelial and 
non-epithelial neoplasms that may involve the 
prostate.

Unusual Epithelial Neoplasms  
of the Prostate

Although the vast majority of prostate cancers 
are conventional acinar prostatic adenocarcino-
ma, about 5–10 % of cases are considered to be 
unusual neoplasms or so-called variants [1, 2].

Mucinous Adenocarcinoma  
of the Prostate

Mucinous adenocarcinoma of the prostate (also 
referred to as colloid carcinoma), is a rare mor-
phologic variant of prostate cancer. The incidence 

of mucinous adenocarcinoma of the prostate, de-
fined by the presence of more than 25 % of the 
tumor composed of glands with extraluminal 
mucin (Fig. 5.1), is approximately 0.2 % [3−6]. 
Based on the strict definition, the diagnosis of this 
entity can only be made on radical prostatectomy 
specimens. Prostate cancer with extraluminal 
mucin in needle core biopsies or transurethral re-
section of prostate specimens should be diagnosed 
as “prostatic adenocarcinoma with mucinous fea-
tures.” The presence of intraluminal mucin, seen 
in up to one third of prostatic adenocarcinomas, 
should not be referred to as mucinous adenocarci-
noma of the prostate. In the past, there was debate 
about whether to assign a Gleason score to these 
tumors. Recent data support grading mucinous 
prostate carcinomas on the basis of the underlying 
architectural pattern (well-formed glands, poorly 
formed glands, cribriform glands, etc.) rather than 
assuming that all of these tumors are aggressive 
[6]. Recent studies have also shown that mucinous 
adenocarcinoma of the prostate has a similar, and 
probably even better prognosis than conventional 
acinar prostatic adenocarcinoma [7].

Prostatic Ductal Adenocarcinoma

Prostatic ductal adenocarcinoma is a rare variant 
of prostate cancer that was previously referred 
to as endometrioid carcinoma, endometrial car-
cinoma, or papillary ductal carcinoma [8−11]. 
The incidence of the pure form of this variant is 
approximately 0.5–1.0 %; however, the incidence 
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of the more common mixed prostatic ductal ad-
enocarcinoma and conventional acinar adenocar-
cinoma is approximately 5 % [1, 2, 12]. These 
tumors are composed of papillary fronds lined 
by pseudostratified columnar epithelial cells with 
amphophilic cytoplasm (Fig. 5.2). Basal cells are 
typically absent, but may be present focally as 
demonstrated by basal cell markers in a patchy 
distribution. Prostatic ductal adenocarcinoma 
typically arises from the periurethral region but 
can extend to the peripheral zone and extrapros-
tatic tissue including the bladder, confirming the 
aggressive nature of the majority of these tumors. 
A Gleason score of 4 + 4 = 8 is assigned to tumors 
composed entirely of classic prostatic ductal ad-
enocarcinoma. If comedonecrosis is present, then 

the Gleason score has to be increased according-
ly. It should also be noted that a Gleason score of 
3 + 3 = 6 should be assigned to tumors composed 
entirely of the recently described “High-grade 
prostatic intraepithelial neoplasia-like ductal ad-
enocarcinoma of the prostate” [13, 14]. Although 
immunohistochemical stains are typically posi-
tive for prostate-specific antigen (PSA) and pros-
tatic acid phosphatase (PSAP), serum PSA level 
may occasionally be normal.

Intraductal Carcinoma of the Prostate

Although there are some similarities between 
prostatic ductal adenocarcinoma and intraductal 

Fig. 5.2  a Transurethral resection of the prostate (TURP), prostatic ductal adenocarcinoma (low magnification).  
b TURP, prostatic ductal adenocarcinoma (high magnification)

 

Fig. 5.1  a Radical prostatectomy, mucinous adenocarcinoma (low magnification). b Radical prostatectomy, mucinous 
adenocarcinoma (high magnification)
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carcinoma of the prostate (including bad 
prognosis), they are somewhat distinct entities. 
Intraductal carcinoma of the prostate is composed 
of an expansile proliferation of malignant pros-
tatic epithelial cells that spans the entire lumen 
of prostatic ducts or acini, while the normal ar-
chitecture of ducts or acini are still maintained 
[15−19]. In contrast to prostatic ductal adeno-
carcinoma, in intraductal carcinoma of the pros-
tate, basal cells are always present (Fig. 5.3) and 
distinguish this entity from conventional cribri-
form Gleason pattern/grade 4 cancer. Tumor cells 
are typically cuboidal, and may form cribriform 
structures with small rounded lumens and/or mi-
cropapillary tufts lacking fibrovascular cores. 
More importantly, intraductal carcinoma of the 

prostate should be distinguished from high-grade 
prostatic intraepithelial neoplasia and urothelial 
carcinoma. Most cases of intraductal carcinoma 
of the prostate have a Gleason score of 4 + 4 = 8 
or higher.

Squamous Cell Carcinoma

Squamous cell carcinoma of the prostate may 
occur in a pure form, or may be intimately ad-
mixed with prostatic adenocarcinoma (Fig. 5.4). 
The tumors may arise from the prostatic ducts and 
acini, but it is important to also realize that these 
tumors may also arise from the prostatic urethra. 
It is well established that most cases of squamous 

Fig. 5.4  a Transurethral resection of the prostate (TURP), squamous cell carcinoma (low magnification). b TURP, 
squamous cell carcinoma (high magnification)

 

Fig. 5.3  a Needle core biopsy, intraductal carcinoma of the prostate (H & E). b Needle core biopsy, intraductal carci-
noma of the prostate (p63/high-molecular-weight cytokeratin (HMWCK))
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cell carcinoma of the prostate occur in the setting 
of prior radiation therapy and/or androgen de-
privation therapy [20−24]. Similar to other vari-
ants, squamous cell carcinoma of the prostate is 
more aggressive than conventional low-grade aci-
nar prostatic adenocarcinoma. Florid squamous 
metaplasia secondary to prostatic infarcts, inflam-
mation, prior radiation therapy, and/or androgen 
deprivation therapy, may be a potential mimicker 
of squamous cell carcinoma of the prostate. The 
absence of frank malignant features in squamous 
metaplasia, should exclude the possibility of 
squamous cell carcinoma of the prostate. Second-
ary involvement of the prostate by squamous cell 
carcinoma or urothelial carcinoma with extensive 
squamous differentiation of bladder origin should 
also be excluded. This is especially important in 
needle core biopsies in which the true site of ori-
gin of the tumor may not be appreciated.

Sarcomatoid Carcinoma

Sarcomatoid carcinoma (carcinosarcoma) is 
composed of both malignant epithelial (typically 
adenocarcinoma) and mesenchymal (typically 
sarcoma) elements (Fig. 5.5) [24−26]. Although 
there has been some debate regarding the origin 
of these tumors, both the epithelial and mesenchy-
mal components are thought by most experts to be 
derived from a single cell of origin [27]. This vari-
ant of prostate cancer typically occurs in elderly 
patients, and may present with an expansile mass 

that may extend to the transition zone, subsequent-
ly resulting in obstructive symptomatology [26]. 
The sarcomatoid component may demonstrate a 
spectrum of histologic patterns, ranging from hap-
hazardly arranged spindle cells with or without 
intimately admixed pleomorphic giant cells and 
numerous mitotic figures, to more distinct sarco-
matous proliferations with heterologous elements, 
including osteosarcoma, chondrosarcoma, rhab-
domyosarcoma, and angiosarcoma [24]. In the 
largest study to date, the vast majority of men had 
a prior history of prostatic adenocarcinoma and 
had been treated with either radiation or hormonal 
therapy [28]. The authors, however, found no cor-
relation between either the prior grade of conven-
tional prostatic adenocarcinoma, or the time to 
progression to sarcomatoid carcinoma and patient 
survival [28]. The current consensus is that the 
sarcomatoid component of these tumors should 
be designated as Gleason pattern 5. Primary high-
grade prostatic stromal sarcoma (which typically 
does not have a malignant epithelial component) 
should be excluded. The prognosis of sarcomatoid 
carcinoma of the prostate is poor.

Prostatic Carcinoid Tumor and Prostatic 
Adenocarcinoma with Paneth Cell-Like 
Neuroendocrine Differentiation

True primary carcinoid tumors of the prostate 
are rare [29−32]. By definition, these tumors 
should be negative for PSA and PSAP, and must 

Fig. 5.5  a Needle core biopsy, sarcomatoid carcinoma of the prostate (H & E). b Needle core biopsy, intraductal car-
cinoma of the prostate (p63/high-molecular-weight cytokeratin (HMWCK)/P504S)
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be characterized by typical morphologic and im-
munohistochemical profile of carcinoid tumor 
of any other site. What is more prevalent is the 
so-called prostatic adenocarcinoma with Paneth 
cell-like neuroendocrine differentiation (Fig. 5.6) 
[33]. Studies have shown that these tumors have 
a relatively good prognosis despite the fact that 
they may be composed predominantly of poorly 
formed glands or single cells [33]. It is therefore 
recommended that a Gleason score should not be 
assigned to these tumors. It is also important to 
note that high-grade prostatic intraepithelial neo-
plasia may also rarely have Paneth cell-like neu-
roendocrine differentiation.

Small Cell Carcinoma

Primary small cell carcinoma of the prostate is 
a rare and aggressive neoplasm with distinctive 
clinicopathologic characteristics, including dis-
seminated metastasis [34−40]. Small cell car-
cinoma of the prostate was first described over 
three decades ago, and our understanding of the 
pathobiology of this aggressive tumor has im-
proved over the years [41]. Small cell carcino-
mas irrespective of the site of origin have very 
similar morphologic features (Fig. 5.7). The 
determination of primary origin thus occasional 
poses a challenge in some cases, especially since 

Fig. 5.7  a Needle core biopsy, small cell carcinoma (low magnification). b Radical prostatectomy, small cell carci-
noma (high magnification)

 

Fig. 5.6  a Needle core biopsy, prostatic adenocarcinoma 
with Paneth cell-like neuroendocrine differentiation (low 
magnification). b Needle core biopsy, prostatic adenocar-

cinoma with Paneth cell-like neuroendocrine differentia-
tion (high magnification)
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immunohistochemical stains such as TTF-1, syn-
aptophysin, chromogranin, and CD56 are posi-
tive in most small cell carcinomas irrespective of 
site of origin. A characteristic feature of pure pri-
mary small cell carcinoma of the prostate is the 
fact that patients typically have low serum PSA 
levels and a poor response to androgen depriva-
tion therapy. Interestingly, a number of patients 
have developed small cell carcinoma of the pros-
tate following androgen deprivation therapy for 
conventional prostatic adenocarcinoma [42−44]. 
One of the recent advances in our understanding 
of primary small cell carcinoma of the prostate, 
is the fact that gene fusions between members of 
the erythroblast transformation-specific (ETS)-
related gene ( ERG) and transmembrane protease, 
serine 2 (TMPRSS2), have been identified in a 
significant number of these tumors, compared to 
small cell carcinoma from other sites [45−49]. 
This finding confirms the fact that primary 
small cell carcinoma of the prostate likely rep-
resents de-differentiation of conventional pros-
tatic adenocarcinoma. There is also agreement 
amongst experts that a Gleason score should not 
be assigned to pure small cell carcinoma of the 
prostate.

Basal Cell Carcinoma

Prostatic adenocarcinoma arises from the secre-
tory cells of the prostatic glands and acini. In 
contrast, basaloid proliferations of the prostate 

including basal cell hyperplasia and basal cell 
carcinoma arise from basal cells of glands typi-
cally located in the transition zone, though in 
some cases peripheral zone involvement may be 
seen. The distinction between these two entities 
may occasionally be challenging [50−54]. Basal 
cell carcinoma is characterized by variably sized 
basaloid nests with anastomosing areas, eosino-
philic luminal lining, and foci of necrosis. The 
nests typically have an infiltrative growth pat-
tern, and may elicit a desmoplastic stromal re-
sponse (Fig. 5.8). Cribriforming of the glands 
with adenoid cystic-like areas may also be seen. 
Immunohistochemical stains are positive for p63, 
high–molecular-weight cytokeratin (HMWCK), 
B-cell lymphoma 2 (Bcl2), CD10, Ki-67 (in-
creased expression), and negative for PSA and 
PSAP [54, 55]. A Gleason score should not be 
assigned to basal cell carcinoma.

Urothelial Carcinoma

Primary urothelial carcinoma of the prostate is 
rare and typically arises from the prostatic urethra 
or prostatic ducts and acini (Fig. 5.9) [56−58]. 
Although a number of cases are composed of 
urothelial carcinoma in situ of the prostatic ure-
thra or colonization of prostatic ducts and acini, a 
diligent search for possible foci of invasion into 
the periurethral soft tissue and prostatic stroma 
should be made. It is also important to note 
that prostatic stromal invasion due to primary 

Fig. 5.8  a Transurethral resection of the prostate (TURP), basal cell carcinoma with (low magnification). b TURP, 
basal cell carcinoma with (high magnification)

 



715 Unusual Epithelial and Nonepithelial Neoplasms of the Prostate

urothelial carcinoma of the prostate and prostatic 
stromal invasion due to transmural invasion of a 
bladder primary are staged as pT2 and pT4a, re-
spectively [59].

Mucin-Producing Urothelial-Type 
Adenocarcinoma (Prostatic Urethral 
Adenocarcinoma)

Rarely, in situ and invasive tumors analogous to 
mucinous adenocarcinoma of the urinary blad-
der may arise from the prostatic urethra. These 
tumors are referred to as mucin-producing uro-
thelial-type adenocarcinoma or prostatic urethral 
adenocarcinoma (Fig. 5.10) [5, 60−62]. Mean 

patient age at diagnosis of this aggressive tumor 
is 72 years (range 58–93 years). In view of the 
fact that urothelial-type adenocarcinoma of the 
prostate is identical in its morphology and his-
togenesis to mucinous adenocarcinoma of the 
bladder, the latter must be excluded before this 
diagnosis is rendered. Other tumors that should 
be considered in the differential diagnosis and 
excluded include mucinous prostatic adenocarci-
noma and mucinous colorectal adenocarcinoma 
involving the prostate [5, 6, 63]. Immunohis-
tochemical stains are typically positive in the 
tumor cells for CK7 and negative for PSA, PSAP, 
b-catenin, and CDX2.

Other primary epithelial and epithelial-like 
tumors involving the prostate include but are 

Fig. 5.10  a Radical prostatectomy, mucin-producing 
urothelial-type adenocarcinoma/prostatic urethral adeno-
carcinoma (low magnification). b Radical prostatectomy, 

mucin-producing urothelial-type adenocarcinoma/pros-
tatic urethral adenocarcinoma (high magnification)

 

Fig. 5.9  a Radical prostatectomy, urothelial carcinoma of the prostatic urethra (low magnification). b Radical prosta-
tectomy, urothelial carcinoma of the prostatic urethra (high magnification)
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not limited to squamous cell carcinoma, Wilms’ 
tumor, clear cell adenocarcinoma, neuroblasto-
ma, and melanoma.

Secondary Epithelial Tumors

Secondary tumors involving the prostate exclud-
ing those from direct extension are rare. Metasta-
sis from other sites to the prostate typically arise 
from the lung, gastrointestinal tract, skin (melano-
ma), kidney, testicle, and endocrine organs, with 
an incidence ranging from 0.1 to 6 % depending 
on the series [64−66]. In view of the proximity to 
the prostate, the most common secondary tumor 
involving the prostate through direct extension is 
from the urinary bladder. Colorectal tumors in-
cluding colorectal adenocarcinoma may also oc-
casionally involve the prostate.

Urothelial Carcinoma
The incidence of prostatic involvement by uro-
thelial carcinoma of the bladder in radical cysto-
prostatectomy specimens ranges from 12 to 48 % 
[67, 68]. Prostatic stromal invasion in this setting 
typically occurs by direct transmural extension 
of urothelial carcinoma from the bladder prima-
ry, and is designated as stage pT4a (Fig. 5.11) 
[59, 69]. The challenge occurs if the tumor is 
detected first on needle core biopsy or trans-
urethral resection of the prostate (TURP), in the 
absence of a known history of urothelial carci-
noma. Making the distinction between urothelial  

carcinoma and prostatic adenocarcinoma is 
critical in view of the different therapeutic op-
tions and approaches for these tumors. In cases 
that are challenging on H & E, readily avail-
able immunohistochemical stains (PSA, PSAP, 
p63, HMWCK, uroplakin and thrombomodulin, 
GATA3) can aid in the distinction between these 
two entities in most cases. In the few cases in 
which the distinction can still not be made with 
the previous markers, additional immunohisto-
chemical stains (P501S, PSMA, NKX3.1, and 
pPSA), which are typically positive even in ad-
vanced prostatic adenocarcinoma and negative 
in urothelial carcinoma, are useful [70].

Colorectal Adenocarcinoma
Despite the proximity of the colorectum to the 
prostate, involvement of the prostate from this site 
in clinical specimens is rare with only very few 
case reports and series in the literature (Fig. 5.12) 
[63]. Although most patients present with classic 
symptoms of colonic cancer, patients may pres-
ent with obstructive uropathy due to involvement 
of the prostatic urethra, and may therefore be di-
agnosed for the first time following TURP [63]. 
Histologically, the two most common entities 
that are in the differential diagnosis of colorectal 
adenocarcinoma invading the prostate are pros-
tatic ductal adenocarcinoma and adenocarcinoma 
of the bladder. In addition, the various patterns of 
infiltrating colorectal adenocarcinoma, including 
mucinous, enteric, and signet-ring cell type, may 
also be seen in prostatic adenocarcinoma. Most 

Fig. 5.11  a Radical cystoprostatectomy, urothelial carcinoma with colonization of prostatic ducts. b Radical cystopros-
tatectomy, urothelial carcinoma with prostatic stromal invasion
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colonic adenocarcinomas are positive for CDX2, 
villin, β-catenin, mucins (MUC1 and MUC3), 
CEA, and B72.3; and all are negative for pros-
tate-specific markers.

Primary Mesenchymal Tumors  
of the Prostate

Benign or malignant mesenchymal neoplasms of 
the prostate are rare. Apart from smooth muscle 
tumors involving the prostate, another group of 
tumors which arise from the specialized prostatic 
stroma are also recognized as distinct entities. 
These tumors have been classified into prostatic 

stromal tumors of uncertain malignant potential 
(STUMP) and prostatic stromal sarcoma [71−73].

Stromal Tumors of Uncertain Malignant 
Potential (STUMP)

These tumors arise from the specialized hormon-
ally responsive stroma of the prostate. There are 
at least four main histologic patterns of STUMP; 
hypercellular stroma with scattered atypical/de-
generative cells, hypercellular stroma with bland 
stromal cells, myxoid pattern and “phyllodes”-
like pattern, with the first two being the most com-
mon (Fig. 5.13). The various histologic patterns of 

Fig. 5.12  a Transurethral resection of the prostate 
(TURP), colorectal adenocarcinoma with necrosis involv-
ing the prostate (low magnification). b TURP,  colorectal 

adenocarcinoma with necrosis involving the prostate 
(high magnification)

 

Fig. 5.13  a Needle core biopsy, stromal tumor of un-
known malignant potential, with adjacent benign prostatic 
glands (low magnification). b Needle core biopsy, stromal 

tumor of unknown malignant potential, with adjacent be-
nign prostatic glands (high magnification)
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STUMP may be confused with benign prostatic 
hyperplasia (BPH). However, it should be noted 
that some cases of STUMP may have the potential 
to undergo malignant transformation, or may be 
intimately associated with stromal sarcoma, and 
thus should be recognized as a distinct entity from 
BPH. STUMP may be associated with various ep-
ithelial proliferations, and it is therefore thought 
that this may represent epithelial-mesenchymal 
crosstalk [74]. Prostatic adenocarcinoma may also 
occasionally be identified in cases of STUMP.

Stromal Sarcoma

These aggressive tumors also arise from the spe-
cialized hormonally responsive stroma of the 
prostate. However, unlike STUMP these tumors 
are characterized by increased mitotic activity, 
nondegenerate nuclear pleomorphism and necro-
sis (Fig. 5.14). Stromal sarcoma may also extend 
beyond the prostate and metastasize.

Other primary mesenchymal tumors of the 
prostate include but are not limited to inflam-
matory myofibroblastic tumor (IMT), solitary 
fibrous tumor (SFT), leiomyoma, leiomyosar-
coma, and rhabdomyosarcoma.

Secondary Mesenchymal Tumors

Secondary mesenchymal tumors involving the 
prostate are rare, and are almost always from 
direct extension. In view of the proximity to the 
prostate, the most common secondary tumor 
mesenchymal tumors are from the urinary blad-
der and colorectal including gastrointestinal stro-
mal tumor (GIST).

GIST

A challenging and well-described scenario is one 
in which a patient has a positive digital rectal ex-
amination (DRE) and on imaging appears to have 
a mass involving the prostate or extending in be-
tween the prostate and the colorectum. One of the 
entities to consider in this setting is GIST. Most 
cases of “prostatic” GIST are sampled on needle 
core biopsy, and one of the clues to the diagno-
sis is the absence of prostatic glands and stroma 
in the cores that are involved. This is due to the 
fact that the vast majority of these tumors arise 
from the colorectal wall and are not true GIST of 
prostatic origin. Unfortunately, if GIST is misdi-
agnosed as a sarcoma, patients may undergo un-
necessary pelvic exenteration or chemoradiation 
therapy [75]. GISTs in this location are similar to 
those at other sites (Fig. 5.15), thus the tumors are 
typically positive for CD117, CD34, and DOG1.

Fig. 5.14  a Transurethral resection of the prostate (TURP), high-grade prostatic stromal sarcoma (low magnification). 
b TURP, high-grade prostatic stromal sarcoma, note prominent mitotic figure (high magnification)

 



755 Unusual Epithelial and Nonepithelial Neoplasms of the Prostate

References

 1. Grignon DJ. Unusual subtypes of prostate cancer. 
Mod Pathol. 2004;17(3):316–27.

 2. Mazzucchelli R, Lopez-Beltran A, Cheng L, et al. 
Rare and unusual histological variants of pros-
tatic carcinoma: clinical significance. BJU Int. 
2008;102(10):1369–74.

 3. Epstein JI, Lieberman PH. Mucinous adenocar-
cinoma of the prostate gland. Am J Surg Pathol. 
1985;9:299–308.

 4. Ro JY, Grignon DJ, Ayala AG, et al. Mucinous 
adenocarcinoma of the prostate: histochemical 
and immunohistochemical studies. Hum Pathol. 
1990;21:593–600.

 5. Osunkoya AO, Epstein JI. Primary mucin-producing 
urothelial-type adenocarcinoma of prostate: report 
of 15 cases. Am J Surg Pathol. 2007;31:1323–9.

 6. Osunkoya AO, Nielsen ME, Epstein JI. Prognosis 
of mucinous adenocarcinoma of the prostate treated 
by radical prostatectomy: a study of 47 cases. Am J 
Surg Pathol. 2008;32(3):468–72.

 7. Lane BR, Magi-Galluzzi C, Reuther AM, et al. Mu-
cinous adenocarcinoma of the prostate does not con-
fer poor prognosis. Urology. 2006;68(4):825–30.

 8. Melicow MM, Pachter MR. Endometrial carcinoma 
of prostatic utricle (uterus masculinus). Cancer. 
1967;20:1715–22.

 9. Bostwick DG, Kindrachuk RW, Rouse RV. Prostatic 
adenocarcinoma with endometrioid features. Clini-
cal, pathologic, and ultrastructural findings. Am J 
Surg Pathol. 1985;9(8):595–609.

10. Epstein JI, Woodruff JM. Adenocarcinoma of the 
prostate with endometrioid features. A light micro-
scopic and immunohistochemical study of ten cases. 
Cancer. 1986;57:111–9.

11. Ro JY, Ayala AG, Wishnow KI, Ordonez NG. Pros-
tatic duct adenocarcinoma with endometrioid fea-

tures: immunohistochemical and electron micro-
scopic study. Semin Diagn Pathol. 1988;5:301–11.

12. Amin A, Epstein JI. Pathologic stage of prostatic 
ductal adenocarcinoma at radical prostatectomy: ef-
fect of percentage of the ductal component and as-
sociated grade of acinar adenocarcinoma. Am J Surg 
Pathol. 2011;35(4):615–9.

13. Tavora F, Epstein JI. High-grade prostatic intraepi-
thelial neoplasia like ductal adenocarcinoma of the 
prostate: a clinicopathologic study of 28 cases. Am J 
Surg Pathol. 2008;32(7):1060–7.

14. Lee TK, Miller JS, Epstein JI. Rare histological pat-
terns of prostatic ductal adenocarcinoma. Pathology. 
2010;42(4):319–24.

15. Kovi J, Jackson MA, Heshmat MY. Ductal spread in 
prostatic carcinoma. Cancer. 1985;56(7):1566–73.

16. McNeal JE, Yemoto CE. Spread of adenocarci-
noma within prostatic ducts and acini. Morpho-
logic and clinical correlations. Am J Surg Pathol. 
1996;20(7):802–14.

17. Guo CC, Epstein JI. Intraductal carcinoma of 
the prostate on needle biopsy: histologic fea-
tures and clinical significance. Mod Pathol. 
2006;19(12):1528–35.

18. Cohen RJ, Wheeler TM, Bonkhoff H, Rubin MA. A 
proposal on the identification, histologic reporting, 
and implications of intraductal prostatic carcinoma. 
Arch Pathol Lab Med. 2007;131(7):1103–9.

19. Henry PC, Evans AJ. Intraductal carcinoma of the 
prostate: a distinct histopathological entity with 
important prognostic implications. J Clin Pathol. 
2009;62(7):579–83.

20. Braslis KG, Davi RC, Nelson E, et al. Squamous 
cell carcinoma of the prostate: a transformation 
from adenocarcinoma after the use of a luteinizing 
hormone-releasing hormone agonist and flutamide. 
Urology. 1995;45:329–31.

21. Miller VA, Reuter V, Scher HI. Primary squa-
mous cell carcinoma of the prostate after radiation 

Fig. 5.15  a Needle core biopsy, gastrointestinal stromal tumor (low magnification). b Needle core biopsy, gastrointes-
tinal stromal tumor (high magnification)

 



76 A. O. Osunkoya and C. Magi-Galluzzi

seed implantation for adenocarcinoma. Urology. 
1995;46:111–3.

22. Nabi G, Ansari MS, Singh I, et al. Primary squa-
mous cell carcinoma of the prostate: a rare clinico-
pathological entity—report of 2 cases and review of 
literature. Urol Int. 2001;66:216–9.

23. Parwani AV, Kronz JD, Genega EM, et al. Prostate 
carcinoma with squamous differentiation: an analy-
sis of 33 cases. Am J Surg Pathol. 2004;28:651–7.

24. Fine SW. Variants and unusual patterns of prostate 
cancer: clinicopathologic and differential diagnos-
tic considerations. Adv Anat Pathol. 2012;19(4): 
204–16.

25. Ordonez NG, Ayala AG, von Eschenbach AC, et al. 
Immunoperoxidase localization of prostatic acid 
phosphatase in prostatic carcinoma with sarcoma-
toid changes. Urology. 1982;19:210–4.

26. Wick MR, Young RH, Malvesta R, et al. Prostatic 
carcinosarcomas: clinical, histologic, and immuno-
histochemical data on two cases with a review of the 
literature. Am J Clin Pathol. 1989;92:131–9.

27. Delahunt B, Eble JN, Nacey JN, et al. Sarcomatoid 
carcinoma of the prostate: progression from adeno-
carcinoma is associated with p53 over-expression. 
Anticancer Res. 1999;19:4279–83.

28. Hansel DE, Epstein JI. Sarcomatoid carcinoma of 
the prostate: a study of 42 cases. Am J Surg Pathol. 
2006;30:1316–21.

29. Azumi N, Shibuya H, Ishikura M. Primary prostatic 
carcinoid tumor with intracytoplasmic prostatic acid 
phosphatase and prostate specific antigen. Am J 
Surg Pathol. 1984;8:545–50.

30. Almagro UA. Argyrophilic prostatic carcinoma: 
case report with literature review on prostatic carci-
noid and “carcinoidlike” prostatic carcinoma. Can-
cer. 1985;55:608–14.

31. Ghannoum JE, DeLellis RA, Shin SJ. Primary 
carcinoid tumor of the prostate with concurrent 
adenocarcinoma: a case report. Int J Surg Pathol. 
2004;12:167–70.

32. Zarkovic A, Masters J, Carpenter L. Primary 
carcinoid tumour of the prostate. Pathology. 
2005;37(2):184–6.

33. Tamas EF, Epstein JI. Prognostic significance of 
paneth cell-like neuroendocrine differentiation in 
adenocarcinoma of the prostate. Am J Surg Pathol. 
2006;30(8):980–5.

34. Grignon DJ. Unusual subtypes of prostate cancer. 
Mod Pathol. 2004;17:316–27.

35. Mazzucchelli R, Lopez-Beltran A, Cheng L, et al. 
Rare and unusual histological variants of pros-
tatic carcinoma: clinical significance. BJU Int. 
2008;102:1369–74.

36. Tetu B, Ro JY, Ayala AB, et al. Small cell carcinoma 
of the prostate. Part 1. A clinicopathologic study of 
20 cases. Cancer. 1987;59:1803–9.

37. Christopher ME, Seftel AD, Sorenson K, Resnick 
MI. Small cell carcinoma of the genitourinary tract: 
an immunohistochemical, electron microscopic and 
clinicopathological study. J Urol. 1991;146:382–8.

38. Oesterling JE, Hauzeur CG, Farrow GM. Small cell 
anaplastic carcinoma of the prostate: clinical, patho-
logical and immunohistological study of 27 patients. 
J Urol. 1992;147:804–7.

39. Nadig SN, Deibler AR, El Salamony TM, et al. 
Small cell carcinoma of the prostate: an underrecog-
nized entity. Can J Urol. 2001;8:1207–10.

40. Wang W, Epstein JI. Small cell carcinoma of the pros-
tate. A morphologic and immunohistochemical study 
of 95 cases. Am J Surg Pathol. 2008;32(1):65–71.

41. Wenk RE, Bhagavan BS, Levy R, et al. Ectopic 
ACTH, prostatic oat cell carcinoma, and marked hy-
pernatremia. Cancer. 1977;40:773–8.

42. Valle J, von Boguslawsky K, Stenborg M, Anders-
son LC. Progression from adenocarcinoma to small 
cell carcinoma of the prostate with normalization of 
prostate-specific antigen (PSA) levels. Scand J Urol 
Nephrol. 1996;30(6):509–12.

43. Miyoshi Y, Uemura H, Kitami K, et al. Neuroendo-
crine differentiated small cell carcinoma presenting 
as recurrent prostate cancer after androgen depriva-
tion therapy. BJU Int. 2001;88(9):982–3.

44. Nemoto K, Tomita Y. Neuroendocrine differentia-
tion of localized prostate cancer during endocrine 
therapy. Scand J Urol Nephrol. 2007;41(6):558–60.

45. Han B, Mehra R, Suleman K, et al. Character-
ization of ETS gene aberrations in select histo-
logic variants of prostate carcinoma. Mod Pathol. 
2009;22(9):1176–85.

46. Scheble VJ, Braun M, Wilbertz T, et al. ERG rear-
rangement in small cell prostatic and lung cancer. 
Histopathology. 2010;56(7):937–43.

47. Guo CC, Dancer JY, Wang Y, et al. TMPRSS2-ERG 
gene fusion in small cell carcinoma of the prostate. 
Hum Pathol. 2011;42(1):11–7.

48. Lotan TL, Gupta NS, Wang W, et al. ERG gene rear-
rangements are common in prostatic small cell car-
cinomas. Mod Pathol. 2011;24(6):820–8.

49. Williamson SR, Zhang S, Yao JL, et al. ERG-
TMPRSS2 rearrangement is shared by concurrent 
prostatic adenocarcinoma and prostatic small cell 
carcinoma and absent in small cell carcinoma of the 
urinary bladder: evidence supporting monoclonal 
origin. Mod Pathol. 2011;24(8):1120–7.

50. Grignon DJ, Ro JY, Ordonez NG, et al. Basal cell 
hyperplasia, adenoid basal cell tumor, and adenoid 
cystic carcinoma of the prostate gland: an immuno-
histochemical study. Hum Pathol. 1988;19:1425–33.

51. Iczkowski KA, Ferguson KL, Grier DD, et al. Ad-
enoid cystic/basal cell carcinoma of the prostate: 
clinicopathologic findings in 19 cases. Am J Surg 
Pathol. 2003;27:1523–9.

52. McKenney JK, Amin MB, Srigley JR, et al. Basal 
cell proliferations of the prostate other than usual 
basal cell hyperplasia: a clinicopathologic study of 
23 cases, including four carcinomas, with a proposed 
classification. Am J Surg Pathol. 2004;28:1289–98.

53. Hosler GA, Epstein JI. Basal cell hyperplasia: an 
unusual diagnostic dilemma on prostate needle bi-
opsies. Hum Pathol. 2005;36:480–5.



775 Unusual Epithelial and Nonepithelial Neoplasms of the Prostate

54. Ali TZ, Epstein JI. Basal cell carcinoma of the pros-
tate: a clinicopathologic study of 29 cases. Am J 
Surg Pathol. 2007;31(5):697–705.

55. Yang XJ, McEntee M, Epstein JI. Distinction of ba-
saloid carcinoma of the prostate from benign basal 
cell lesions by using immunohistochemistry for bcl-
2 and Ki-67. Hum Pathol. 1998;29:1447–50.

56. Greene LF, O’Dea MJ, Dockerty MB. Primary 
transitional cell carcinoma of the prostate. J Urol. 
1976;116(6):761–3.

57. Algaba F, Santanlaria JM, Lamas M, Ayala G. Tran-
sitional cell carcinoma of the prostate. Eur Urol. 
1985;11:87–90.

58. Cheville JC, Dundore PA, Bostwick DG, et al. Tran-
sitional cell carcinoma of the prostate: clinicopatho-
logic study of 50 cases. Cancer. 1998;82(4):703–7.

59. Edge SB, Byrd DR, Carducci M, et al., editors. 
AJCC cancer staging manual. 7th ed. New York: 
Springer; 2010.

60. Tran KP, Epstein JI. Mucinous adenocarcinoma of 
urinary bladder type arising from the prostatic ure-
thra. Distinction from mucinous adenocarcinoma 
of the prostate. Am J Surg Pathol. 1996;20(11): 
1346–50.

61. Ortiz-Rey JA, Dos Santos JE, Rodríguez-Castilla M, 
Alvarez C, Fariña L. Mucinous urothelial-type ad-
enocarcinoma of the prostate. Scand J Urol Nephrol. 
2004;38(3):256–7.

62. Curtis MW, Evans AJ, Srigley JR. Mucin-producing 
urothelial-type adenocarcinoma of prostate: report 
of two cases of a rare and diagnostically challenging 
entity. Mod Pathol. 2005;18(4):585–90.

63. Osunkoya AO, Netto GJ, Epstein JI. Colorectal 
adenocarcinoma involving the prostate: report of 9 
cases. Hum Pathol. 2007;38(12):1836–41.

64. Johnson DE, Chalbaud R, Ayala AG. Secondary tu-
mors of the prostate. J Urol. 1974;112(4):507–8.

65. Zein TA, Huben R, Lane W, Pontes JE, England-
er LS. Secondary tumors of the prostate. J Urol. 
1985;133(4):615–6.

66. Bates AW, Baithun SI. Secondary solid neoplasms 
of the prostate: a clinico-pathological series of 51 
cases. Virchows Arch. 2002;440(4):392–6.

67. Schellhammer PF, Bean MA, Whitmore WF Jr. 
Prostatic involvement by transitional cell carci-
noma: pathogenesis, patterns and prognosis. J Urol. 
1977;118:399–403.

68. Revelo MP, Cookson MS, Chang SS, et al. Incidence 
and location of prostate and urothelial carcinoma 
in prostates from cystoprostatectomies: implica-
tions for possible apical sparing surgery. J Urol. 
2004;171:646–51.

69. Oliva IV, Smith SL, Chen Z, Osunkoya AO. Uro-
thelial carcinoma of the bladder with transmural and 
direct prostatic stromal invasion: does extent of stro-
mal invasion significantly impact patient outcome? 
Hum Pathol. 2011;42(1):51–6.

70. Chuang AY, DeMarzo AM, Veltri RW, et al. Im-
munohistochemical differentiation of high-grade 
prostate carcinoma from urothelial carcinoma. Am 
J Surg Pathol. 2007;31(8):1246–55.

71. Eble JN, Sauter G, Epstein JI, et al., editors. The 
world health organization classification of tumors of 
the urinary system and male genital organs. Lyon: 
IARC Press; 2004.

72. Herawi M, Epstein JI. Specialized stromal tumors of 
the prostate: a clinicopathologic study of 50 cases. 
Am J Surg Pathol. 2006;30(6):694–704.

73. Hansel DE, Herawi M, Montgomery E, Epstein 
JI. Spindle cell lesions of the adult prostate. Mod 
Pathol. 2007;20(1):148–58.

74. Nagar M, Epstein JI. Epithelial proliferations in pros-
tatic stromal tumors of uncertain malignant potential 
(STUMP). Am J Surg Pathol. 2011;35(6):898–903.

75. Madden JF, Burchette JL, Raj GV, et al. Ante-
rior rectal wall gastrointestinal stromal tumor pre-
senting clinically as prostatic mass. Urol Oncol. 
2005;23:268–72.



79

6Management Implications 
Associated with Unusual 
Morphologic Entities of the 
Prostate

Viraj A. Master, Jonathan Huang,  
Cristina Magi-Galluzzi and Adeboye O. Osunkoya

A. O. Osunkoya () ·  V. A. Master
Department of Urology, Emory University School  
of Medicine, Atlanta, GA, USA
e-mail: Adeboye.osunkoya@emory.edu

V. A. Master
e-mail: vmaster@emory.edu

J. Huang
Department of Surgery, Emory University School  
of Medicine, Atlanta, GA, USA
e-mail: Jonathan.hwaien.huang@emory.edu

C. Magi-Galluzzi
Department of Pathology, Cleveland Clinic, Robert J. 
Tomsich Pathology and Laboratory Medicine Institute, 
Cleveland, OH, USA
e-mail: magic@ccf.org

Introduction

Although the vast majority of malignant neo-
plasms of the prostate clinicians manage are con-
ventional acinar prostatic adenocarcinomas, this 
chapter focusses exclusively on the management 
implications associated with unusual morpholog-
ic entities involving the prostate gland.

Primary Urothelial Carcinoma  
of the Prostate

Primary urothelial carcinoma (UC) of the pros-
tate is a relatively uncommon tumor. Histori-
cally, any UC involving the prostate was stage 
4 disease, but, over the past two decades, further 
understanding has allowed for disease sub-strati-
fication with important management differences. 

In 2012, the Second International Consultation on 
Bladder Cancer, sponsored by the World Health 
Organization, under the auspices of the European 
Association of Urology, had an expert consensus 
panel review the management of this disease pro-
cess. Updated recommendations were assigned 
based on a systematic review of the literature [1]. 
The predominant guiding management principle 
is correct staging to detect prostatic stromal in-
vasion, although current tools for detection are 
imperfect. A high degree of suspicion must also 
be entertained for those patients who have a diag-
nosis of high grade, or multicentric, or recurrent 
bladder cancer, as the rate of prostatic urethral 
involvement may be as high as 40 % [2].

Papillary noninvasive UC of the prostate, is 
uncommon, with an incidence of approximately 
1–4 %, and is managed with local resection via a 
transurethral endoscopic approach. As discussed 
previously, this lesion may be present in the 
lumen of the prostatic urethra or in the prostatic 
ducts. Presentation is insidious and is usually si-
lent. It is important to ensure that the bladder is 
completely surveyed, including biopsies of any 
suspicious lesions. The metastatic evaluation is 
initiated only if the lesion is a high-grade lesion, 
or if the lesion is invasive. In such circumstance, 
a cross-sectional imaging study [computed to-
mography (CT) or magnetic resonance imaging 
(MRI)] of the chest, abdomen, and pelvis is rec-
ommended. Importantly, imaging should contain 
delayed images as well, so that the urinary tract is 
well opacified by contrast, thus allowing for the 
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radiographic detection of small urothelial lesions 
of the upper tract. Radiography is not currently 
sufficient to evaluate the lower urinary tract and 
thus endoscopy, namely cystourethroscopy, is 
mandatory (Fig. 6.1).

Carcinoma-in-situ (CIS) of the prostatic ure-
thra is almost always associated with a bladder 
tumor. In a large study of over 1500 patients 
with primary bladder tumors, 2.5 % had CIS in 
the prostatic urethra [3]. CIS of the prostatic ure-
thra may evolve to stromal disease, which has a 
virulent course. CIS of the bladder is best man-
aged with local resection and a full transurethral 
resection of the prostate (TURP). The TURP 
should certainly include the bladder neck as 
well. This procedure will allow for detection of 
stromal disease, and will also permit intravesical 
chemo/immunotherapy to come in contact with 
the prostatic epithelium [4]. The first line therapy 
is likely to be Bacillus Calmette-Guérin (BCG). 
If patients do get BCG to the prostate, transient 
elevations in prostate-specific antigen (PSA) will 
be noted, generally resolving in 3 months. The 
response rate to BCG is very good, with com-
plete response noted in 70–100 % of patients 

with prostate-only CIS [5]. It is vital to note that 
such patients will need to be followed closely, 
not only with cystourethroscopy, but also cytol-
ogy, as lesions may not be visible. If a positive 
cytology is detected, but no obvious lesions are 
seen, random biopsies should be considered. If 
these biopsies are negative, attention should be 
given to upper tract evaluation. It is important to 
stress that the endoscopic evaluation of the blad-
der should be thorough, especially in the region 
of the trigone, as bladder trigone involvement is 
often predictive of prostate stromal involvement. 
A high proportion of patients, approximately one 
in three, will experience relapse and progression, 
requiring radical cystoprostatectomy [6].

Prostatic stromal invasion is a good surrogate 
marker of tumor virulence, and will help in the 
disease management to counsel patients that a 
very high degree of metastases would be found. 
Prostate stromal involvement mandates a radical 
operation to remove bladder and prostate, and 
management principles do not include transure-
thral operations. Shen et al. found that 3/4 pa-
tients with stromal involvement had malignant 
adenopathy, with a low 5-year survival rate of 
32 % [7]. Although there is little consensus in the 
literature, neoadjuvant chemotherapy and an ex-
tended lymph node dissection may be of benefit.

Mucin-Producing Urothelial-Type 
Adenocarcinoma of the Prostate

Mucin-producing urothelial-type adenocarcino-
ma of the prostate is a rare tumor that arises from 
the prostatic urethra, with the largest series con-
sisting of 15 patients [8]. Patients often present 
with obstructive urinary symptoms. Some may 
have mucusuria, which is reported to be a spe-
cific finding, but is a sign also found in mucinous 
prostatic adenocarcinoma [8]. The histologic ap-
pearance, from TURP and prostate biopsy speci-
mens, and clinical presentation can be similar to 
other diseases. As such, additional tests should be 
completed to ensure a definitive diagnosis. Cys-
toscopic evaluation may help to rule out a meta-
static nonurachal adenocarcinoma of the bladder 
[8]. A colonoscopy, with immunohistochemical 

Fig. 6.1 Urethroscopic/cystoscopic appearance of pri-
mary papillary urothelial carcinoma of the prostatic ure-
thra. Note the visual similarity to Fig. 6.2 depicting a 
prostatic ductal adenocarcinoma
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(IHC) staining of tissue biopsies, can rule out 
metastatic colonic adenocarcinoma [9]. With re-
gards to serological markers, PSA is usually with-
in normal limits, as the cancer does not develop 
from prostatic acini [8, 9]. There may also be a 
potential benefit in looking for precursor lesions. 
In one study, only one third of specimens did not 
have precursor lesions, such cystitis glandularis 
and villous adenoma, and their absence was at-
tributed to sampling issues and destruction of the 
surface components by the infiltrating tumor [8].

With such a small number of cases describ-
ing mucin-producing urothelial-type adenocarci-
noma of the prostate, treatment has not been stan-
dardized. However, these tumors are reported to 
be refractory to hormonal therapy [8]. Most case 
reports present patients treated with surgery, with 
varying degrees of success. In one report, con-
sisting of two patients, one patient had no signs 
of recurrence 1 year after radical prostatectomy, 
while the other patient had local recurrence 4 
years after simple prostatectomy [10]. In a series 
of 15 patients, all eight patients treated with radi-
cal prostatectomy had extraprostatic extension of 
their disease. Furthermore, eight patients out of 
the cohort died at an average of 49.2 months from 
presentation [8]. Although information about this 
disease is limited, an accurate diagnosis is essen-
tial to distinguish it from conventional or muci-
nous prostatic adenocarcinomas which respond 
to androgen deprivation therapy.

Mucinous Adenocarcinoma  
of the Prostate

Mucinous adenocarcinoma (MC) of the pros-
tate is a rare form of prostate cancer, with many 
large series reporting less than 0.5 % incidence 
among prostate specimens [11–14]. It can only 
be diagnosed with certainty on radical prosta-
tectomy. However, it is important to realize that 
mucin staining on histology is a nonspecific find-
ing, although many clinicians are not aware of 
this distinction. Conditions like benign prostatic 
hyperplasia, prostatic intraepithelial neoplasia 
(PIN), and signet ring cell prostatic adenocar-
cinoma often have positive mucin staining [15, 

16]. It should be noted that careful examination 
of the specimen is necessary, as signet ring cell 
adenocarcinoma portends a worse prognosis 
than MC and may be less responsive to hormone 
therapy [17]. In the clinical evaluation of this 
form of prostate cancer, PSA values have been 
shown to be elevated in MC, with one series 
showing PSA elevations in 77.8 % of the patients 
[18]. One group hypothesized that MRI and MR 
spectroscopy could be useful in detecting mucin 
lakes and diagnosing MC. However, their results 
showed that these modalities could not distin-
guish mucin lakes, even when they comprised 
the majority of the tumor volume, and thus, cur-
rently, radiographic imaging is not used to make 
this diagnosis [19].

In a study published in 1999, most cases of 
MC were either stage C or D on the Whitmore–
Jewett staging system [18]. Patients may often 
present with osteoblastic metastases. The clini-
cal behavior of MC is still unclear. MC was once 
thought to be an aggressive disease, with one 
series reporting 8/12 patients presenting with at 
least stage C disease and all 12 patients develop-
ing metastases [13]. However, a recent study re-
ports that MC has a similar, if not better, progno-
sis than conventional prostatic acinar adenocarci-
noma, when treated with radical prostatectomy. 
The researchers reported a 5-year actuarial PSA 
progression-free risk of progression for mucinous 
and non-MC of the prostate of 97.2 and 85.4 %, 
respectively [20]. With the majority of MC pre-
senting at an advanced stage, surgical therapy 
may not always be a feasible form of treatment. 
One case report detailed a patient with MC’s 
response to hormonal therapy. The patient’s el-
evated PSA, prostatic-specific acid phosphatase 
(PSAP), and gamma-seminoprotein returned to 
normal 2 months after therapy [21]. Furthermore, 
another study reported a 77.8 % (22/27) response 
rate for MC treated with endocrine therapy [18]. 
This study found the 3- and 5-year survival rate 
to be 50 and 25 %, respectively, in patient with 
MC. Most studies do not mention the use of che-
motherapy in the treatment of MC. However, one 
study reports the use of chemotherapy, in addi-
tion to other modalities, in the treatment of five 
patients with Gleason score 6 and above MC. 
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Each one of these patients was reported to have 
expired. Multiple case reports have detailed long-
term survival with both radical prostatectomy 
and hormonal therapy, but further investigation, 
with larger cohorts, will be necessary to deter-
mine which modality provides a better prognosis.

Prostatic Ductal Adenocarcinoma

Prostatic ductal adenocarcinoma comprises up to 
6.3 % of prostatic adenocarcinomas [22]. Patients 
often present complaining of obstructive symp-
toms. On urethroscopy/cystoscopy, this tumor 
may mimic papillary UC because of the pres-
ence of papillary fronds (Fig. 6.2). Transrectal 
ultrasound may also be helpful (Fig. 6.3) in the 
differential diagnosis. In a series of 55 patients, 
7/8 patients with primary duct adenocarcinoma 
of the prostate and 44/47 patients with second-
ary duct adenocarcinoma reported obstructive 
urinary symptoms [22]. Since this tumor typi-
cally arises from the periurethral or occasionally 
the peripheral zone of the prostate, diagnosis of 
prostatic ductal adenocarcinoma is ascertained 

through examination of tissue specimens from 
TURP or prostatic needle biopsy [23]. This tumor 
is frequently mixed with prostatic acinar adeno-
carcinoma. Other entities can also resemble this 
disease, including prostatic urethral polyps, hy-
perplastic benign prostate glands, high-grade 
PIN, colorectal adenocarcinoma, and papillary 
UC [24]. As such, IHC staining can be utilized to 
provide a more accurate diagnosis. Serum PSA 
levels are often elevated in prostatic ductal ad-
enocarcinoma, with a mean PSA of 12.5 in one 
series of 23 patients [25]. However, the increase 
in PSA may not adequately reflect the extent of 
this disease.

Prostatic ductal adenocarcinoma has been re-
ported to be an aggressive disease. In a series of 
15 patients, who appeared to have a resectable 
tumor, treated with radical prostatectomy, 97 % 
of the specimens showed extraprostatic extension 
[26]. Prognosis is dependent on multiple factors, 
including whether prostatic acinar adenocarci-
noma is present and the depth of invasion [22, 
27]. The presence of prostatic acinar adenocar-
cinoma in the specimen, when compared to pure 
prostatic ductal adenocarcinoma, decreases the 
median survival from 13.8 to 8.9 years [27]. 
The 5-year survival rate decreases from 42 to 
22 % when the secondary periurethral ducts, in 
addition to the primary periurethral ducts, are 
involved [22]. Early disease, if localized to the 

Fig. 6.2  Urethroscopic/cystoscopic appearance of pros-
tatic ductal adenocarcinoma involving the prostatic ure-
thra. Patient presented with hematuria and urinary ob-
struction, and the lesion was initially thought to be papil-
lary urothelial carcinoma

 

Fig. 6.3  Transrectal ultrasound. The patient has a hyper-
echoic posterior lesion ( red arrow) creating an irregular 
border in the urethra ( blue arrow)
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primary periurethral ducts, may be eradicated 
through TURP, although standard of care is radi-
cal prostatectomy [25]. However, a needle biopsy 
is recommended to determine if there are foci of 
disease in the peripheral zones of the prostate, 
warranting a radical prostatectomy or additional 
treatments. While radiotherapy has not been em-
ployed extensively in the treatment of prostatic 
ductal adenocarcinoma, one series showed that 
4/6 patients were alive at 3.2 years after radio-
therapy [28]. One case report documented a pa-
tient with metastatic prostatic ductal adenocarci-
noma. The patient showed a partial biochemical 
response during nine cycles of palliative docetax-
el, but expired soon after completion of chemo-
therapy [29]. Additional work may determine 
other effective treatments for this disease. Pa-
tients who have this disease warrant a complete 
evaluation for metastatic disease, including chest 
imaging. Of note, penile urethral recurrence may 
occur.

Intraductal Carcinoma of Prostate

Intraductal carcinoma of the prostate (IDC-P) is 
an aggressive form of prostate cancer, associated 
with high-grade disease and a poor prognosis. 
This form of prostate cancer is often associated 
with invasive cancer [30, 31]. When isolated 
IDC-P is diagnosed on prostate biopsies, a repeat 
biopsy is warranted to confirm the concomitance 
of invasive cancer. Other pathology, such as 
high-grade PIN, can resemble IDC-P [32]. It is 
important to note that IDC-P may or may not be 
associated with a high tumor volume or elevated 
PSA values. Instead, IDC-P has been associated 
with low serum PSA values [33]. Once IDC-P is 
confirmed, definitive therapy is warranted.

One group suggested that radical prostatecto-
my with extended lymph node dissection may be 
a feasible approach for treatment [34]. Further-
more, for patients with IDC-P on prostate biop-
sies, obturator node sampling, seminal vesicle bi-
opsy, and a bone scan prior to prostatectomy may 
help determine the extent of the disease [35]. The 
reasoning is that patients with IDC-P on prostate 
biopsies and transurethral resections have been 

shown to have early biochemical relapse and 
metastatic failure when treated with radiotherapy 
[36]. Similarly, all 11 patients, in a series of 59 
patients, with IDC-P on prostate biopsies had 
clinical relapse after prostatectomy [35]. Andro-
gen ablation therapy, neoadjuvant chemotherapy, 
and radiation therapy are associated with poor re-
sults in the treatment of IDC-P. Another study an-
alyzed a series of 115 patients who had androgen 
ablation, with or without chemotherapy, prior to 
radical prostatectomy. Of the 42 patients who had 
biochemical failure, 38 patients had either cribri-
form pattern or IDC-P [37]. In the EORTC 22863 
phase 3 randomized clinical trial, one arm of the 
study assessed the response of external-beam 
radiation on patients with prostate cancer. The 
patients with IDC-P had a median time of 19.9 
months to clinical progression, compared to 61.2 
months in patients without IDC-P.

Currently, from a clinician standpoint, there 
has been effort to urge pathologist to report the 
presence of IDC-P, even when IDC-P comprises 
a fraction of the specimen. Doing so may help 
determine a patient’s prognosis and treatment. 
The inclusion of IDC-P as a preoperative variable 
was shown to improve the predictive accuracy 
of post-prostatectomy nomograms in predicting 
biochemical recurrence [38].

Squamous Cell Carcinoma  
of the Prostate

Primary squamous cell carcinoma (SQCC) of the 
prostate accounts for less than 1 % of prostatic 
tumors [39]. This may even be an overestimate, 
as other pathology, including benign squamous 
metaplasia, UC with squamous differentiation of 
the bladder, and the prostatic urethra, may appear 
histologically similar on the specimens obtained 
by TURP and prostate biopsy [40]. Conventional 
prostate cancer can also have a malignant squa-
mous component. A careful review of a patient’s 
history, including cystoscopy, may provide de-
tails suggesting the presence of squamous meta-
plasia. This entity may arise secondary to pros-
tatic infarct, prior radiation or androgen depriva-
tion therapy, reactive changes after TURP, and 
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granulomatous prostatitis due to BCG therapy 
[40, 41]. UC with squamous differentiation of the 
bladder and prostatic urethra must also be ruled 
out. Cystoscopy and imaging may help determine 
the presence of these diseases [42]. Symptoms of 
urinary obstruction and bone involvement, sec-
ondary to metastatic disease, are often the first 
clinical clues to this disease [40]. Serum levels 
of PSA and PSAP are usually normal, as SQCC 
does not typically develop from prostatic acini 
[40, 43]. The tumor often appears as a hypoecho-
ic hypervascular lesion on transrectal ultrasonog-
raphy (TRUS) and MRI often depicts low lesion 
signal intensities in the prostate on T2-weighted 
images [44].

With the low number of cases, treatment of 
SQCC of the prostate has not been standardized. 
Furthermore, the efficacy of treatments is cur-
rently based on anecdotal evidence. One study 
presents two patients, including one with posi-
tive periaortic and pelvic lymph nodes, who had a 
radical cystoprostatectomy, pelvic lymphadenec-
tomy, and a urinary diversion. These patients had 
a survival rate between 25 and 40 months [40]. 
Another study presented a patient with metastatic 
osteolytic bone lesion who was treated with cobalt 
irradiation. This patient survived 8 months after 
presentation [45]. Hormonal therapy has been re-
ported to be ineffective in the treatment of SQCC 
of the prostate [46]. From case reports, multimod-
al therapy appears to have the most benefits. A 
patient with pelvic relapse treated with cisplatin, 
5-fluorouracil, and radiotherapy had a length of 
survival of 60 months [47]. Surgical treatment 
with negative margins is thought to be an effec-
tive form of treatment. However, the aggressive 
nature of SQCC of the prostate and metastatic 
osteolytic lesions at presentation often precludes 
this form of treatment. Thus, continued research 
is necessary to determine an effective therapeutic 
regimen for this form of prostate cancer.

Sarcomatoid Carcinoma  
of the Prostate

Sarcomatoid carcinoma of the prostate is a rare 
disease, described mostly in case reports and 
small series of patients. This disease is thought to 

arise secondary to radiation therapy or androgen 
deprivation, as many patients have had prostatic 
adenocarcinoma treated with these modalities 
[48, 49]. Diagnosis is made through evaluation of 
prostatic tissue specimens. A differential diagno-
sis of phyllodes tumor must be kept in mind. IHC 
staining can also help distinguish adenocarcino-
ma from sarcomatoid carcinoma. With the limited 
tissue specimen a prostate biopsy provides, both 
epithelial and mesenchymal components may not 
always be present. To ensure a correct diagnosis 
of sarcomatoid carcinoma, diseases such as a true 
prostatic sarcoma, leiomyosarcoma, and inflam-
matory myofibroblastic tumor need to be ruled 
out by characteristic microscopic features and 
IHC staining [49].

Treatment for sarcomatoid carcinoma of the 
prostate has not been standardized. TURP is 
often utilized to manage obstructive symptoms. 
At presentation, this aggressive disease may in-
volve the urinary bladder or penis. Additionally, 
metastases to the bone, liver, and lungs are also 
present [49]. In one study, patients were treated 
with various forms of therapy, including surgery, 
radiation therapy, androgen deprivation therapy, 
and various adjuvant chemotherapy regimens, 
with no significant difference in length of sur-
vival. The 5- and 7-year survival rates were 41 
and 14 %, respectively, and the median length of 
survival was 9.5 months. The patient with no evi-
dence of disease at 85 months was treated with a 
pelvic exenteration and resection of the lung me-
tastases [48]. In another study, nine patients with 
metastases or bulky local disease were treated 
with chemotherapy. Three of these patients died 
within a year and five patients had no response to 
the chemotherapy [49]. While many cases report 
the use of chemotherapy in treating patients with 
sarcomatoid carcinoma of the prostate, a regimen 
has not been standardized. The use of adriamy-
cin, carboplatinum, cisplatinum, estramustine, 
etoposide, ifosfamide, taxotere, in various com-
binations, have been utilized [48–50]. Further 
work will be necessary to determine an effective 
form of treatment.
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Prostatic Carcinoid

Primary carcinoid tumor, or low-grade neuroen-
docrine tumor, of the prostate is a rare disease, 
mostly documented in case reports. The diagno-
sis of this disease is based on microscopic exami-
nation of tissue specimens, acquired by TURP 
and prostate biopsies, and IHC staining [51, 52]. 
Prostatic acinar adenocarcinoma with carcinoid 
features can resemble a carcinoid tumor. An ac-
curate diagnosis is important because prostatic 
adenocarcinoma is thought to be more aggres-
sive than carcinoid tumor of the prostate [53]. 
An octreotide scan and 18F-fluorodeoxyglucose 
positron emission tomography can be utilized to 
determine whether the carcinoid tumor has me-
tastasized [52]. One study reported that the tumor 
appeared as a hypoechoic irregularly shaped 
mass with increased irregularity on TRUS and 
a low attenuating mass with peripheral enhance-
ment on CT [44].

Treatment for primary carcinoid tumor of the 
prostate has not been standardized. With surgical 
management being the only independent prog-
nostic factor in prostatic small cell carcinoma, a 
high-grade neuroendocrine tumor, patients with 
prostatic carcinoid tumor may have the best out-
come with surgery [54]. In two case reports, the 
patients were surgically treated with cystoprosta-
tectomy [51, 52]. However, their outcomes were 
not reported. Another study reported two patients 
with metastatic disease to the bone marrow and 
bone. These patients were both managed by sur-
gical castration. Both died within 10 months of 
initial diagnosis [55]. Reports about the progno-
sis of this disease are varied. Some reports have 
hypothesized that prostatic carcinoid tumor is an 
indolent disease and that aggressive forms of the 
disease are in actuality prostatic carcinoma with 
carcinoid features [51].

Small Cell Carcinoma of the Prostate

Small cell carcinoma of the prostate, a high-
grade neuroendocrine tumor, is a rare disease, 
diagnosed by histologic examination and IHC 
staining. The most common clinical feature is 
urinary obstruction. However, symptoms due to 

metastatic disease and paraneoplastic syndromes 
may also be present [56]. Serum PSA levels are 
not usually elevated in pure small cell carcinoma 
of the prostate. At presentation, CT often re-
veals bone metastases and abdominal and pelvic 
lymphadenopathy [44].

This is an aggressive disease that is unrespon-
sive to hormonal therapy. Surgical treatment is 
not often employed because of the metastatic na-
ture of small cell carcinoma. In one study, 75 % 
of patient had metastases at presentation [56]. 
Chemotherapy has been shown to be an effective 
form of treatment, with 62–72 % of patients hav-
ing some form of response [56, 57]. However, the 
chemotherapy regimen has not been standard-
ized. Radiation therapy has also been employed 
for local control and palliation [58]. The median 
survival in patients with small cell carcinoma of 
the prostate is 9–10 months [56, 57]. Elevated 
serum lactate dehydrogenase (LDH) levels and 
low serum albumin were reported to be predic-
tive of inferior disease-specific survival [59].

Basal Cell Carcinoma of the Prostate

Basal cell carcinoma of the prostate is a rare 
tumor that comprises less than 0.01 % of ma-
lignant tumors of the prostate. A TURP is often 
completed for obstructive urinary symptoms and 
examination of the tissue fragments leads to a di-
agnosis of basal cell carcinoma. While there have 
been cases of elevated serum PSA in pure basal 
cell carcinoma of the prostate, serum PSA and 
PSAP are not usually elevated, unless a compo-
nent of prostate adenocarcinoma is present [60]. 
No imaging modality has been effective in diag-
nosing this disease [61].

Older studies have reported basal cell carcino-
ma of the prostate to maintain an indolent course 
[62, 63]. Recent studies indicate that basal cell 
carcinoma, notably of the adenoid cystic carci-
noma histologic variant, may actually be more 
aggressive, recurring locally after surgery and 
metastasizing [60, 64]. Treatment for this disease 
usually involves surgery, including TURP, radical 
prostatectomy, and pelvic exenteration [60, 61, 
64]. In one study, 6/7 patients treated with radi-
cal prostatectomy had no evidence of disease at 
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1 year follow-up [64]. However, the small num-
ber of cases does not provide enough evidence 
to standardize treatment. The type of surgery is 
usually determined based on the initial extent of 
the disease. Basal cell carcinoma is reported to 
be unresponsive to androgen deprivation therapy 
[65]. Lifelong follow-up is recommended, as this 
disease may recur locally or metastasize.

Urothelial Carcinoma with Secondary 
Prostate Involvement

In the USA, the standard of care of the man-
agement of muscle invasive UC of the bladder 
(muscle-invasive bladder cancer, MIBC) is radi-
cal cystoprostatectomy as an en bloc procedure, 
along with an extensive pelvic lymph node dis-
section. In other countries, definitive combina-
tion chemotherapy and radiation therapy are 
utilized, with the caveat that the failure rate re-
quiring salvage radical cystoprostatectomy is 
approximately 30 % [66, 67]. There have been 
attempts at prostate-sparing radical cystectomy, 
with a view to ameliorating urinary continence, 
and erectile dysfunction postoperatively, but 
these should be considered treatments to be un-
dertaken only in the context of a clinical trial [68, 
69]. Thus, if a patient has invasive bladder can-
cer, neoadjuvant chemotherapy followed by radi-
cal cystoprostatectomy is performed.

Recent data have helped to clarify the issue that 
prostatic stromal invasion from bladder cancer is 
significantly more common than appreciated in 
previous series. This mode of invasion may be 
contiguous or noncontiguous, and happens in ap-
proximately equal proportions [70]. Several cys-
toprostatectomy series using whole-mount meth-
ods have shown that stromal invasion is present 
in approximately half of patients. Richards et al. 
studied a large series of 121 consecutive whole-
mount specimens, and found that 48 % had pros-
tate involvement [71]. Other groups detected 
stromal invasion in 37–64 % of men undergoing 
cystoprostatectomy for MIBC [70, 72]. However, 
stromal invasion is not only restricted to patients 
with MIBC. Herr and Donat, looking at a large 
series of 186 patients from Memorial Sloan Ket-
tering with Ta/T1 bladder disease, found that 

14 % of patients relapsed with prostatic stromal 
involvement. In patients with presumed bladder-
only refractory CIS and those with multicentric 
UC, approximately 30 % had prostatic urethral 
involvement.

With the above data in mind, it is a prudent 
management principle to diligently inspect the 
prostatic urethra for lesions if the patient has any 
degree of bladder cancer, even noninvasive le-
sions. Biopsies should be taken of lesions, and if 
possible, underlying prostatic stroma should be 
evaluated as well with a cold loop resection that 
includes both the mucosal and the deeper layers. 
TRUS-guided biopsy is not accurate, and should 
not be performed to assess for prostate stromal 
invasion. In the latest edition of the AJCC staging 
manual (7 ed., 2010), prostate stromal invasion 
directly from bladder cancer represents a T4a le-
sion, but interestingly, this T-stage is still classi-
fied as Stage III, and the patient may have a 30 % 
5-year survival. Subepithelial invasion of pros-
tatic urethra will not constitute T4 staging status.

Colorectal Adenocarcinoma Involving 
the Prostate

Colorectal adenocarcinoma secondarily involv-
ing the prostate is a rare occurrence. Clinicians 
treating patients who have had colorectal ad-
enocarcinoma or treatment for this disease, and 
presenting with obstructive urinary symptoms, 
should acknowledge that there may be direct ex-
tension to the prostate from the primary colonic 
tumor. Diagnosis of this disease is made through 
evaluation of prostatic tissue specimens, from 
TURP or prostate biopsies. Bladder and prostatic 
adenocarcinomas share other similar histologic 
characteristics with colorectal adenocarcinoma, 
which may necessitate the use of tests, such as 
IHC staining, to differentiate these diseases 
[73]. Serum PSA may also be elevated, even in 
the absence of prostatic adenocarcinoma, if the 
prostatic ducts are disrupted [73]. Radiographic 
evidence of tumor extension and patient presen-
tation can also help in distinguishing these vari-
ous diseases [73]. However, direct extension may 
not always be visualized on CT.
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There has been a case of hematogenous metas-
tasis to the prostate [74]. Distinguishing colorec-
tal adenocarcinoma from other diseases will help 
determine the proper form of treatment.

Treatment of secondary colorectal adenocar-
cinoma involvement of the prostate has not been 
standardized. Hormonal therapy is known not to 
be effective in treating colorectal adenocarcino-
ma [73]. One patient was treated with cystopros-
tatectomy, partial urethrectomy, and ileal conduit 
urinary diversion. No metastases were noted dur-
ing abdominal exploration. At 14 months post-
operatively, the patient has been asymptomatic, 
with an elevated, but stable, CEA level [75]. 
Another study reported nine cases of colorec-
tal adenocarcinoma involving the prostate, with 
treatment modalities including surgery, chemo-
therapy, and radiation therapy. Despite treatment, 
six of these patients died within 34 months [73]. 
Further work, including evaluating the role of 
antibody-based therapy, still needs to be accom-
plished in order to determine an optimal form of 
treatment [73].

Prostatic Stromal Tumor of Uncertain 
Malignant Potential

Prostatic stromal tumor of uncertain malignant 
potential (STUMP) is a rare disease that usually 
presents with urinary obstruction [76]. Diagnosis 
is made through analysis of tissue specimens, ob-
tained from TURP or prostate biopsies. However, 
other diseases may have a similar appearance. 
Histologically, prostatic STUMP has been re-
ported to appear similar to both prostatic stromal 
sarcomas (PSS) and benign prostatic hyperplasia 
(BPH), diseases that have disparate prognoses 
[76]. On TRUS, prostatic STUMP has a multicys-
tic appearance, with thin septations [76]. The use 
of MRI has the potential to distinguish STUMP 
from prostatic adenocarcinoma and prostatic sar-
coma. Prostatic adenocarcinoma has low signal 
intensity on T2-weighted images. PSS is often a 
solid lesion that has heterogeneous signal intensi-
ty on T2-weighted images. In contrast, one study 
reported that STUMP has diffuse heterogeneous 
signal intensity on T2-weighted images, due to 

cystic areas in the lesion [76]. Both STUMP and 
prostatic sarcoma may extend into or near adja-
cent organs. The cystic component may make 
distinguishing STUMP from cystoadenoma of 
the prostate difficult. Even though a diagnosis 
may be difficult to ascertain, proper diagnosis 
will help determine the appropriate treatment and 
prognosis for a patient.

Treatment for STUMP has not been standard-
ized. The aggressiveness of these tumors have 
been shown to vary, some with only obstruc-
tive symptoms and others with frequent local 
recurrence and metastasis [76, 77]. Oftentimes, 
patients have multiple TURP or transurethral 
resection of bladder tumor to manage recurrent 
urinary obstruction [78, 79]. Despite manage-
ment with these procedures or radical cystopros-
tatectomy, 46 % of patients will have recurrence 
of the tumor [78]. Furthermore, 5 % of patients 
have progression from STUMP to PSS [79, 80]. 
In deciding whether invasive surgery should be 
pursued, the patient’s age, treatment choices, 
whether the lesion is palpable on digital rectal 
examination, extension of the lesion on the tissue 
specimen, and extension of the lesion on imag-
ing should be considered [81]. More aggressive 
surgery has been suggested for younger patients 
and those with more extensive tumors on imag-
ing [76].

Prostatic Stromal Sarcoma

PSS is a rare disease, documented mostly in case 
reports. Physical examination often reveals an 
enlarged prostate [82–84]. Diagnosis is made by 
microscopic examination and IHC staining of tis-
sue specimens. Serum PSA in PSS is often nor-
mal [85]. There has been one report of increased 
serum PSA of 7.25 ng/mL in a patient diagnosed 
with PSS that contained hyperplastic glands [83]. 
One case report described images of PSS with 
CT as a solid lesion with a cystic wall and well-
defined margins [84]. Another report described 
PSS on CT as lobulated, homogeneous without 
contrast, and heterogeneous with contrast [82]. 
In addition to an abdominal CT, a bone scan can 
be utilized to look for bony metastases. MRI is 
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reported to show a multinodular mass, often in 
the central zone of the prostate, with heteroge-
neous high signal intensity and a low signal in-
tensity pseudocapsule on T2-weighted imaging, 
and weak enhancement on dynamic contrast-en-
hanced MRI [86]. While these features on MRI 
may separate PSS from prostatic adenocarci-
noma, many of these features are found in more 
common prostatic sarcomas, such as leiomyosar-
coma and rhabdomyosarcoma.

Treatment for PSS has not been standardized. 
Patients often present with urinary retention. 
Further management, with modalities such as a 
TURP and imaging, may lead to a diagnosis of 
PSS [87]. Surgical treatment, with negative mar-
gins, is the suggested form of therapy, as pros-
tatic sarcomas are aggressive diseases and prone 
to develop early metastases [85, 87]. Procedures 
such as radical prostatectomy, radical cystopros-
tatectomy, and enucleation have been employed 
[84]. One patient underwent a radical prostatec-
tomy, with negative margins and no evidence 
of metastasis, and has had no recurrence after 8 
years [85]. However, most cases present patients 
that have no evidence of disease at their limited 
follow-up of 1 year [80, 84]. The value of ad-
juvant radiation and chemotherapy are currently 
unknown. Investigation into the responsiveness 
of PSS to hormones may lead to further insight 
and therapies for this disease [85].

Gastrointestinal Stromal Tumor  
of the Prostate

The prostate is an uncommon location for gas-
trointestinal stromal tumors (GIST). In the litera-
ture, there have only been 20 cases of GIST in-
volving the prostate [88]. As GIST usually arises 
from the gastrointestinal tract, patients may pres-
ent with an array of gastrointestinal and genito-
urinary symptoms. Diagnosis of this disease is 
based on analysis of tissue specimens and IHC 
staining. Currently, there are only two cases of 
GIST thought to occur primarily in the prostate 
[89, 90]. Most other cases have originated from 
the rectum, which lies in close proximity to the 
prostate [88, 91]. CT and MRI can be of utility in 

distinguishing primary from secondary prostate 
GIST, as well as the location of secondary exten-
sion and the presence of metastases.

The importance in correctly diagnosing GIST 
cannot be overemphasized. Doing so will help 
guide treatment and may limit the extent of sur-
gical intervention. Local recurrence is common 
after surgical resection of GIST, even in the pres-
ence of negative margins [92]. Recurrent and 
metastatic GIST is documented to be responsive 
to imatinib mesylate, a tyrosine kinase inhibitor 
[91, 93]. The use of imatinib mesylate can re-
duce the size of GIST lesions and maintain these 
lesions at the decreased size without surgery 
[90, 92]. Furthermore, analysis of an excisional 
prostate specimen that contained GIST, after 
treatment with imatinib mesylate, demonstrated 
no residual disease [94]. Patients treated with 
imatinib mesylate are documented to be stable 
2 years after treatment [90]. Chemotherapy and 
radiation have minimal efficacy in treating GIST 
[95].
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Introduction

Patients should have a frank discussion with their 
physician to determine if screening for prostate 
cancer is a path they desire to embark upon. 
Those who opt for cancer screening will start 
by getting a blood test to measure their prostate-
specific antigen (PSA) levels and a digital rectal 
examination (DRE). An elevated PSA (or a ris-
ing trend) and/or an abnormal prostate exam may 
lead to a transrectal ultrasound-guided prostate 
needle biopsy for a pathologic diagnosis. Should 
cancer be detected, it is in the hope to identify 
early organ-confined prostate adenocarcinoma. 
Having a diagnosis is only part of the subsequent 
decision-making process, as men with clinically 
localized prostate cancer are candidates for de-
finitive therapy, which may be in the form of 
radical therapy or active surveillance for a cancer 
that may pose an uncertain threat to the patient’s 
longevity [1]. Healthy men with long life expec-
tancy may seek an aggressive treatment modality 

such as radical prostatectomy, external-beam 
radiation therapy, and brachytherapy. These are 
considered standard treatment alternatives (with 
the exception of brachytherapy as monotherapy 
for high-risk disease) and none has been defini-
tively proven to be superior in terms of cancer 
control.

A major factor for the patient in deciding 
amongst these options is their impact on quality 
of life. From an oncological perspective long-
term cancer control is the main goal, yet this may 
not prove to be the optimal therapy for that indi-
vidual patient based on the therapy’s potential to 
affect on his quality of life. He may be unwilling 
to accept the treatment option with the highest 
likelihood of cure if it is also associated with un-
acceptable morbidity. All treatments may nega-
tively impact urinary, sexual, and bowel function 
to varying degrees which the patient must take 
into consideration. For example, radical prosta-
tectomy is associated with a higher incidence of 
urinary incontinence, while external-beam radio-
therapy and brachytherapy are associated with 
higher rates of bowel dysfunction and irritative 
bladder symptoms. Each of these therapies also 
affects sexual function to varying degrees. When 
balancing this information, the patient must also 
consider his values and priorities.

The final decision for the treatment choice is 
personal and individualized. The patient needs 
to consider the consequences of choosing one 
treatment over another, generally selecting the 
one that will have the least impact on his qual-
ity of life yet optimizing his chances for cure. 
He is the only one that can decide how much he 
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is willing to compromise long-term cancer con-
trol over treatment-related morbidity on quality 
of life. This is where the physician serves more 
as an advisor and guides the patient to make a 
decision that most suits his principles and life-
style. Knowing how the patient feels about each 
treatment will make this easier, especially if the 
patient feels strongly one way or another in favor 
of a particular treatment modality. Some patients 
may opt for observation, whereas others may 
not be able to rest until the prostate is surgically 
removed. Ultimately, the decision needs to be 
made by the patient. In return this will limit any 
regret on his part, especially if he is to experience 
a bad outcome from the treatment.

Paramount to the patient’s decision making are 
accurate probabilities of the potential outcomes 
of each treatment modality in terms of its success, 
complications, and long-term morbidity. This will 
promote a more positive environment allowing 
the patient to be more satisfied after treatment. A 
risk that leads to patient regret is failing to fully 
consider all the treatment options that are avail-
able to him. Equipped with accurate probabilities 
of the outcomes of each therapy, the physician can 
avoid being overly optimistic (which may lead to 
regret and disappoint on the part of the patient 
if he experiences a bad outcome) and pessimistic 
(which may have influenced a patient to forgo a 
treatment that he would otherwise have benefit-
ted from). To have a well-informed patient and to 
make quality treatment decisions, the physician 
should endeavor to provide accurate probabilities 
of outcomes that could occur as a consequence of 
the decision to undergo (or forgo) a specific treat-
ment. Subsequently, when a recommendation is 
made for or against a particular treatment modal-
ity, it is evidence based.

Historically, physicians used clinical judgment 
to assign risks when counseling patients about 
treatment. Unfortunately, it is human nature to 
incorporate bias into each stage of decision mak-
ing. Personal experience clouds how events get 
transcribed and affects memory leading to incon-
sistency, allowing the physician to rely on heuris-
tics when the decision process becomes difficult. 
This leads to bias for the preferred outcome rather 
than the outcome with the highest probability. 

Prognostic variables for prostate cancer progres-
sion have been defined to include PSA, clinical 
stage, biopsy Gleason score, and individual sur-
geon technique. The challenge for the physician 
is to figure out the relative importance of each of 
these factors and how they affect outcomes.

To assist the physician, researchers have 
developed prediction tools. By design, predic-
tion models incorporate different variables and 
generally perform as well or better than clinical 
judgment to predict outcome probabilities [2]. 
Therefore, outcome prediction tools help person-
alize patient care by allowing the patient to see 
his likelihood of short- and long-term oncologi-
cal and functional outcomes associated with each 
treatment modality when deciding upon his treat-
ment for his cancer diagnosis.

Developing Prediction Models

One method to developing a prediction model is 
to assess patients and group them based on simi-
larities, then make predictions for each group. 
One such method was used by D’Amico et al. 
to develop a model to predict cancer control for 
patients treated with radical prostatectomy, ex-
ternal-beam radiotherapy, or brachytherapy [3]. 
The model places patients into mutually exclu-
sive risk groups based on pretreatment PSA level, 
biopsy Gleason score, and clinical stage. Group-
ing patients makes sense, yet it is limiting by not 
allowing to maximize the predictive accuracy of 
a prognostic model based on the available data. 
One needs to be careful with the evaluation of 
a subset of patients, as this ignores the relative 
importance of prognostic variables in another 
patient group. To accurately represent each risk 
factor and variable, one must not assign equal 
weight to each variable, as each does not exert an 
equal prognostic weight on the outcome. An ad-
ditional limit in risk grouping is converting con-
tinuous variables into categorical variables, thus 
removing information about the actual value.

Another approach is the prognostic index, 
which is often based on a Cox or logistic regression 
model. A numerical score is assigned to an individ-
ual parameter in the model based on its parameter 
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estimate or hazard ratio. The sum of each param-
eter’s score gives a total score. One such index 
is the Cancer of the Prostate Risk Assessment 
(CAPRA) score [4]. When using this index, the 
patient is assigned a CAPRA score between 0 and 
10 based on the points assigned for PSA (0–4), 
biopsy Gleason score (0–3), clinical stage (0–1), 
percentage of positive biopsy cores (0–1), and age 
(0–1). The patient’s estimated 5-year recurrence-
free probability after a radical prostatectomy is 
based on each point of the CAPRA score.

The nomogram serves an alternative to risk 
group or prognostic index prediction tool, as it is 

used to develop continuous multivariable models 
and predict a particular endpoint. It is a graphic 
representation of a mathematical formula or al-
gorithm that incorporates several predictors mod-
eled as continuous variables to predict the end-
point. A nomogram consists of sets of axes; each 
variable is represented by a scale, with each value 
of that variable corresponding to a specific num-
ber of points according to its prognostic signifi-
cance. By using scales, nomograms calculate the 
continuous probability of a particular outcome. 
This is shown by the nomogram in Fig. 7.1, 
where each PSA level is assigned a unique point 

99%

120

106

96

84

72

62

43

36M
on

th
s 

fr
om

 S
ur

ge
ry

12

0

Total Points

Preoperative PSA

No. Positive Cores

No. Negative Cores

Clinical Stage

Points

Biopsy 1° Gleason

Biopsy 2° Gleason

0

0

20

T1C

T2C T3T2A

3

0 10 20 30 40 50 60 70 80 90 100

3

4

4

T2B

18 16 14 12 10 8 6 4 2 0

3 5 7 9 11 14

1 3 4 5 6 7 10 20 30 40 502

50 100 150 200 250 300 350

98%97% 95% 90% 80%70%60%
50%

40% 20%

Calculated Progression-Free Probability

5% 1%
10%30%

≥

≥

≤

≤

Fig. 7.1  Preoperative nomogram based on 1978 patients 
treated by two high-volume surgeons between 1987 and 
2003 for predicting the 10-year probability of freedom 
from prostate-specific antigen ( PSA) recurrence after rad-
ical prostatectomy using preoperative PSA level, number 
of positive and negative biopsy cores, clinical stage, and 

primary and secondary biopsy Gleason grade. The pre-
dictions of the model are adjusted for the year of surgery 
and the model assumes patients are treated in 2003 (the 
most recent year of treatment of patients included in this 
model). (Used with permission from [15])
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value that represents its prognostic significance. 
The final pair of axes is used to obtain a total 
point value from all the variables and converted 
into the probability of reaching the endpoint.

The advantage of nomograms is that they 
incorporate all relevant continuous predictive 
factors for individual patients, thus providing a 
more accurate prediction than models based on 
risk grouping. They usually also surpass clinical 
experts at outcome’s prediction by calculating 
probabilities in a uniform fashion. The superior 
performance has been shown by several studies 
comparing nomograms to risk-grouping schema-
ta, in part, due to substantial heterogeneity within 
risk group categories. A good example of the 
heterogeneity inherent in risk groups is shown in 
Fig. 7.2 where the 5-year progression-free prob-
ability (PFP) after radical prostatectomy was cal-
culated for patients classified as low-, medium-, 

and high-risk using the criteria by D’Amico et al. 
[5]. The graph shows a substantial distribution 
of intermediate- and high-risk patients across 
the spectra of nomogram probabilities; clearly, it 
would be incorrect to call a patient “high-risk” if 
their likelihood of being free of cancer progres-
sion at 5 years exceeded 90 %. This highlights 
the substantial heterogeneity within risk group’s 
categories and as such, is useful for gauging the 
prognosis for that specific group of patients, not 
necessarily the individual patient. A nomogram 
should be able to be tailored to an individual pa-
tient, as this is what is most important to the pa-
tient, that is his individual prognosis not that of 
a group.

A nomogram can be used to personalize the 
prediction of outcomes for an individual based on 
his unique characteristics. The complexity of no-
mograms over risk groups enhances the predictive 
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accuracy for both the patient and the physician. 
While cumbersome to use in paper form (and 
nearly impossible to calculate in one’s head!), the 
availability of the nomograms in on-line web for-
mat in the public domain facilitates their use in the 
setting of a busy clinic (http://www.nomograms.
org or htttp://www.clinicriskcalculators.org).

One way to illustrate the superior predic-
tive performance of nomograms relative to risk 
groups is to compare several staging nomograms 
to the “Partin Tables.” The Partin tables take into 
account serum PSA (four categories), clinical 
stage (seven categories), and biopsy Gleason sum 
(five categories) to predict pathological stage of 
prostate cancer. Then the patient is assigned to 
one of the four mutually exclusive groups (organ 
confined, established extraprostatic extension 
(EPE), seminal vesicle invasion (SVI), or lymph 
node involvement (LNI)). In a review of our in-
stitution’s prostate cancer database, the predic-
tive accuracy of the “Partin Tables” for predict-
ing organ-confined disease, SVI, and LNI was 
0.71, 0.72, and 0.74, respectively [6]. These ta-
bles underestimate the probability of EPE, since 
a substantial proportion of patients with lymph 
node metastases and SVI will also have EPE. A 
more accurate predictive model is done with hav-
ing each variable as a continuous variable. Thus, 
PSA, clinical stage, and Gleason sum when mod-
eled as a continuous variable had a concordance 
index for predicting organ-confined disease, SVI, 
and LNI of 0.74, 0.84, and 0.76, respectively 
(Bianco FJ Jr et al., unpublished data).

Some general principles need to be taken into 
consideration with designing a predictive model. 
First is discrimination, the model should accu-
rately predict which patients will and will not 
reach the endpoint. Next calibration, the model 
should be able to make predictions that reflect ac-
tual outcomes. And finally, validation, the model 
should perform consistently when applied to 
different data sets. Careful consideration should 
be taken when determining the patient popula-
tion that the model will be based on. The model 
should have an index patient that is representa-
tive of the general population to whom the model 
will be applied. The treatments being received 
by the cohort population should mirror those of 

the general population. There should be a built-
in broad applicability to the model. Trying to de-
fine a very specific population or to model after 
a population with uncommon treatment modali-
ties will limit the model’s application to future 
patients. A good predictive model should not 
only be based on enough cases to be able to reach 
specific endpoints, but also have an appropriate 
number of variables. The model should include 
variables that are statistically significant and 
those that are not statistically significant (if there 
is a strong clinical rationale for including them). 
Including only significant variables will result in 
falsely narrowed confidence intervals (CI) that 
make the model appear more accurate than it is, 
secondary to the inappropriately large influence 
exerted by these variables. A well-constructed 
model will repeatedly perform with similar accu-
racy when applied to heterogeneous novel popu-
lations, hence exemplify generalizability. Factors 
that diminish this concept are when a prognostic 
model’s data set is too small, not all the variables 
are recorded correctly or large portions missing, 
or too many variables are used. In the clinical set-
ting, the value of a nomogram is when it is easy 
to use and it uses parameters that are routinely 
employed and reliable. The ease of use is impor-
tant, because even though a model may be very 
accurate, if it proves cumbersome to use, then it 
loses its practicality in the clinical setting.

Kattan and colleagues developed nomograms 
based on Cox proportional hazards or logistic 
regression analysis modified by restricted cubic 
splines. The use of cubic splines has the benefit 
of being able to use continuous variable while 
maintaining a nonlinear relationship. When using 
unmodified regression models, they require vari-
ables to assume linear relationships, which is 
not ideal because it assumes that the weight as-
signed to incremental changes is the same across 
the spectrum. For example, a rise in PSA from 
3 to 6 ng/mL would have the same impact as a 
rise from 303 to 306 ng/mL. In theory, machine 
learning modeling methods (e.g., artificial neural 
networks) may lead to enhanced predictive accu-
racy as they offer greater flexibility than tradi-
tional statistical methods. This is especially true 
if data sets contain highly predictive nonlinear 

http://www.nomograms.org
http://www.nomograms.org
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or interactive effects. In spite of this, traditional 
statistical methods seem to perform as well as 
machine learning methods and provide the added 
advantage of reproducibility and interpretability 
through the generation of hazard ratios and tests 
of significance for the predictors.

A benefit of nomograms is that they maximize 
the available information in a data set, in return 
obtaining the most value out of each variable. 
An example is when looking at a Gleason score, 
as it may be further defined by the primary and 
secondary Gleason grades and then each may be 
used as independent variables, rather than using 
the Gleason score alone, especially since vari-
ous combinations of primary/secondary Gleason 
grades can result in the same Gleason score (e.g., 
3 + 4 = 7 and 4 + 3 = 7) yet reflect quite different 
disease states with different prognoses [7].

Many nomograms that predict cancer recur-
rence incorporate an important concept of how 
patients who receive secondary treatment before 
demonstrating disease progression are classified 
as treatment failures. As the secondary treatment 
was most likely triggered by an adverse feature 
associated with a high risk of recurrence or some 
evidence of recurrence, therefore it is presumed 
that the treatment is given shortly before the re-
currence would have declared itself [8]. One 
could exclude these patients from the nomogram, 
but censoring (or excluding) them would bias the 
nomogram towards improved outcomes. Includ-
ing these patients but assigning treatment failure 
at the time of adjuvant therapy may lead to overly 
pessimistic predictions. A different and favored 
approach is to view the use of secondary thera-
py as a time-dependent covariate instead of as a 
fixed parameter like pathological stage.

Rather than the area under the receiver opera-
tor characteristic curve (AUC), the discrimina-
tion of these nomograms is measured using the 
concordance index (or c-index). The c-index 
functions in the presence of case censoring and is 
more appropriate for analyzing survival or time-
to-event data, while the AUC requires binary out-
comes (e.g., yes/no).

Nomograms are calibrated and then validated 
to determine accuracy. If an external validation 
(i.e., the gold standard) is not possible for evaluat-

ing accuracy and reproducibility, then internal val-
idation methods may be used, such as jackknife, 
leave-one-out cross-validation, and bootstrap-
ping. These are considered legitimate alternatives 
that can be used alone or together with external 
validation to assess the nomograms accuracy.

Clinical States of Prostate

A patient-centric as opposed to treatment-cen-
tric way of thinking about prostate cancer is 
achieved by using a multistate model as pro-
posed by Scher and Heller [9]. In the clinical 
states’ model, prostate cancer is assessed by a 
series of clinical states with the spectrum rang-
ing from diagnosis to death from prostate cancer 
(or death from competing causes) which reflects 
its treated natural history (Fig. 7.3) [9]. At each 
state, the patient is faced with different progno-
ses in terms of the risk of progressing from one 
clinical state to the next (and ultimately dying 
from his disease) versus dying from competing 
causes. Different treatment decisions about the 
need of further therapy and the nature, risks, and 
benefits of those treatment alternatives need to 
be addressed. As previously discussed, accurate 
estimates of treatment success and side effects 
(and informed decision making) will determine 
what an appropriate treatment is for the patient 
at each clinical state. To our benefit, there are 
published validated nomograms for some of the 
endpoints of interest at each clinical state to help 
guide the clinical decision-making process in the 
clinical states’ model. At this time, there are well 
over 100 published prediction tools of various 
accuracy that have been developed for use in risk 
estimation for all clinical states of prostate can-
cer. We sought to review some of the prediction 
models in the literature for each of these clinical 
states with an emphasis on those focused on lo-
calized prostate cancer.

Clinically Localized Disease

The first patient we will evaluate is a man with 
localized prostate cancer, who is interested in 
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knowing the risk of developing symptoms and/
or dying from his disease, with or without de-
finitive local therapy. He would also determine 
the likelihood of treatment success with radical 
therapy and the short- and long-term complica-
tions of therapy. Several nomograms have been 
developed for prostate cancer recurrence after 
definitive local therapy [10]. The management 
of prostate cancer carries with it treatment-re-
lated morbidity. There is a need for nomograms 
that estimate the likelihood of treatment-related 
morbidity (e.g., urinary incontinence, sexual 
dysfunction, bowel dysfunction). The scope of 
this discussion will be limited to contemporary 
models that predict the continuous risk of disease 
progression, developing distant metastasis, and/
or prostate cancer-specific mortality (PCSM) 
after definitive therapy with radical prostatec-
tomy, external-beam radiotherapy, transperineal 
brachytherapy, and with expectant management. 
Models that evaluate PFP are mostly based on 
biochemical recurrence (rising PSA) posttreat-
ment. Considering that at 15 years the risk of 
death from prostate cancer for men with bio-
chemical recurrence is 33 %, just about equal to 
risk of death from competing causes, it is impre-
cise to use it as a substitute for distant metastasis 

and PCSM [11]. The physician can use both pre-
treatment and posttreatment nomograms to help 
decide between the various treatment alternatives 
for clinically localized prostate cancer and/or the 
need for multimodal therapy. They can also be 
used to determine the need for adjuvant therapy 
and/or the appropriate level of monitoring for 
posttreatment surveillance testing or imaging.

Radical Prostatectomy
Nomograms for pretreatment and posttreatment 
have been developed to predict the continuous 
probability of disease progression and PCSM 
after radical prostatectomy.

Pretreatment
Risk stratification based on clinical stage, biopsy 
Gleason score, and pretreatment serum PSA level, 
are known pretreatment variables associated with 
disease progression after radical prostatectomy. 
Along with the Partin et al. tables, these factors 
may be combined to predict the pathological 
stage of the prostatectomy specimen. The limit of 
this process is that the model is useful for surgical 
planning, but it often does not correlate with the 
risk of disease progression. It has been noted that 
50 % of patients with nonorgan-confined disease 
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were free from disease recurrence at 15 years 
after radical prostatectomy, confirming that the 
presence of extraprostatic disease does not imply 
definite disease progression.

The radical prostatectomy pretreatment no-
mogram developed by Kattan and colleagues 
predicts the 5-year PFP for patients based on 
clinical stage, biopsy Gleason score, and pre-
treatment PSA level. This model was designed 
on data from 983 patients with clinically local-
ized prostate cancer treated by a single surgeon. 
The definition of disease progression was (1) an 
initial PSA rise to ≥ 0.4 ng/mL followed by any 
further rise above this level, (2) evidence of clini-
cal recurrence (local, regional, or distant), (3) 
administration of adjuvant therapy, or (4) death 
from prostate cancer. Patients who had positive 
lymph nodes at the start of the prostatectomy re-
sulting in an aborted procedure were classified 
as treatment failures at the time of surgery. For 
this cohort the overall 5-year PFP was 73 %. This 
model is accurate and discriminating with a con-
cordance index ( c-index) of 0.75 when applied to 
an international external validation cohort [12]. 
It also showed good validation when taking into 
consideration ethnicity with a c-index of 0.74 
observed with the African-American population 
[13].

A substantial number of patients are at risk 
for disease progression after 5 years; therefore, 
a 5-year endpoint is insufficient to predict the 
likelihood of cure after radical prostatectomy. 
However, when evaluating patients after 10 
years, recurrence is rare. For patients in our se-
ries treated with radical prostatectomy, disease 
progression was noted in 1 % of patients who had 
an undetectable PSA at 10 years or later after RP 
[14]. Therefore, a more appropriate endpoint to 
estimate cure from a radical prostatectomy alone, 
would be the 10-year PFP.

The original model designed by Kattan et al. 
was updated by extending the predictions to 10 
years. The model was also adjusted for the stage 
migration of prostate cancer which occurred 
since the introduction of mass PSA screening (by 
including year of treatment as a predictor), and 
including information from a systematic prostate 
biopsy in terms of the number of positive and 

negative cores (Fig. 7.1) [15]. The nomogram 
is based on 1978 patients treated by two high-
volume surgeons and externally validated with 
a cohort of 1545 patients treated at a separate 
institution. Data from several studies state that 
the results of systematic prostate biopsy provide 
important prognostic information, yet the inclu-
sion of the number of positive and negative cores 
resulted in only a mild improvement in predic-
tive accuracy over stage, grade, and PSA in in-
dependent validation ( c-index 0.79 vs. 0.78). The 
model also has the ability to predict the probabil-
ity of disease progression at any time point after 
radical prostatectomy between years 1 and 10.

Recently, we developed a pretreatment nomo-
gram that predicts the 15-year PCSM after radi-
cal prostatectomy based on PSA, clinical stage, 
biopsy Gleason score, and the year of treatment 
(Fig. 7.4) [16]. The nomogram is based on a co-
hort consisting of 6398 patients treated between 
1987 and 2005 by surgeons at Memorial Sloan-
Kettering Cancer Center (MSKCC) and then the 
model was externally validated on 6279 patients 
treated at Cleveland Clinic and University of 
Michigan during the same period. The statistical-
ly significant predictors in the nomogram were 
the primary and secondary Gleason grade of the 
biopsy, PSA, and year of treatment, with the c-
index of the model being 0.84. For those patients 
with a risk of biochemical recurrence greater 
than 50 % the PCSM was predicted to be less 
than 20 %, and overall it was noted to be 12 %. 
This means that the prognosis for patients with 
clinically localized prostate cancer is very favor-
able in terms of PCSM at 15 years, with only 
1980 (17 %) patients having a predicted 15-year 
PCSM greater than 5 %, and 467(4 %) having a 
probability greater than 30 %. Another variable 
that has been evaluated as a predictor of PCSM is 
pretreatment PSA velocity, yet the predictive ac-
curacy of the nomogram was not improved when 
including this variable.

Posttreatment
For posttreatment, we elaborated a nomogram 
to determine patients at high risk for developing 
disease progression after radical prostatectomy. 
This model uses the pretreatment PSA level, and 
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then information from the pathology report, in-
cluding: Gleason score, extraprostatic extension, 
margin status, SVI, and lymph node status to pre-
dict the 7-year probability of disease progression. 
The cohort used included 996 men with clinically 
localized prostate cancer treated by a single sur-
geon. Failure after treatment was defined as an 
initial PSA rise to ≥ 0.4 ng/mL followed by any 
further rise above this level, clinical evidence of 
disease progression (local or distant), initiation of 
adjuvant therapy, or death from prostate cancer. 
The 7-year PFP for this population was 73 %. The 
c-index for the nomogram was 0.80 when vali-
dated with an international cohort and 0.83 when 
validated with an African-American cohort [13].

This nomogram was also updated and im-
proved to calculate the 10-year probability of 
prostate cancer recurrence after radical prostatec-
tomy (Fig. 7.5) [17]. Just as for the pretreatment 
nomogram, treatment year was also included to 
adjust for the stage migration caused by wide-
spread PSA screening. Special consideration was 
given to adjuvant radiotherapy, where in previous 

models it was considered treatment failure, in this 
model it was used as a time-dependent parameter. 
Taking into account that a patient’s prognosis 
improves over time, the longer he stays disease-
free, the nomogram was adjusted to reflect this in 
the 10-year PFP. The cohort for this nomogram 
consisted of 1881 patients treated by two high-
volume surgeons between 1987 and 2003. The 
model was demonstrated to be accurate and dis-
criminating ( c-index 0.81 and 0.79) when used in 
two independent validation cohorts of 1782 and 
1357 patients.

Similar to the preoperative nomogram, we 
developed a postoperative nomogram that pre-
dicts the 15-year PCSM after radical prostatec-
tomy based on PSA, year of treatment, and the 
pathological features of prostate cancer in terms 
of grade, stage, and surgical margin status [16]. 
The model was developed with the clinical in-
formation of 11,521 patients treated by radical 
prostatectomy at four US academic centers from 
1987 to 2005 and externally validated on 12,389 
patients treated at a separate institution during 
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the same period. The model showed that primary 
and secondary Gleason grade 4 or 5, SVI, and 
year of surgery were significant predictors. The 
c-index was noted to be 0.92 with the externally 
validated cohort.

External-Beam Radiotherapy
To predict the 5-year PFP after treatment with 
three-dimensional conformal external-beam ra-
diotherapy, Kattan et al. developed a pretreatment 
nomogram based on clinical stage, biopsy Glea-
son score, pretreatment PSA level, use of neo-
adjuvant androgen deprivation therapy, and 
radiation dose [18]. The model was based on a 
series of 1042 men treated at MSKCC between 
1988 and 1998. The ASTRO criterion was used, 
which defines PSA failure as three cumulative 
rises of serum PSA level. The failure date was 
designated as the midpoint in time between the 

first rise and the PSA level immediately before 
this rise. Bootstrap analysis yielded a c-index of 
0.73 and external validation with a cohort of 912 
men treated at the Cleveland Clinic yielded a c-
index of 0.76, which was significantly superior 
to the best risk grouping model available [18]. 
To also include patients treated with intensity-
modulated radiotherapy (IMRT), the model was 
updated and the predictions were extended to 10 
years. The biochemical recurrence endpoint was 
changed to correspond to the Phoenix definition 
of 2 ng/mL above the nadir PSA level (Fig. 7.6) 
[19]. The model was based on a cohort of 2253 
patients treated with external-beam radiotherapy 
at MSKCC between 1988 and 2004. Using inter-
nal validation methods with bootstrapping, the 
c-index of the model was 0.72. We also devel-
oped a model to predict the 5-year metastasis-
free probability after conformal external-beam 
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rence after three-dimensional conformal radiation therapy 
or intensity modulated radiation therapy based on 2253 
patients treated at MSKCC between 1988 and 2004. The 

parameters used in the nomogram are pretreatment PSA 
level, clinical stage, biopsy Gleason score, use of neoad-
juvant androgen deprivation therapy, and radiation dose. 
PFP progression-free probability. (Used with permission 
from [19])
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radiotherapy based on a similar set of predictors 
[20]. The model was developed on 1677 patients 
treated at MSKCC between 1988 and 2000 and 
externally validated on 1626 patients treated at 
Cleveland Clinic during the same period. The c-
index of the model was 0.81. Some of the limita-
tions of this nomogram include the short interval 
to assess for metastatic disease (5 years), the lack 
of standardized surveillance imaging schedule to 
detect metastases, and the failure to adjust for the 
use of androgen deprivation therapy, which may 
substantially delay the appearance of distant me-
tastasis.

Brachytherapy
Based on pretreatment PSA level, clinical stage, 
biopsy Gleason score, and the coadministration 
of external-beam radiotherapy, Kattan et al. de-
veloped a pretreatment nomogram that predicts 
the 5-year PFP after transperineal brachytherapy 
with 125I seeds in the absence of adjuvant hor-
monal therapy [21]. The model was based on 920 
men treated for T1–2 prostate cancer at MSKCC. 

Treatment failure was defined by (1) a modified 
version of the ASTRO criteria, (2) the adminis-
tration of adjuvant androgen deprivation thera-
py, (3) clinical evidence of disease progression 
(local, regional, or distant), or (4) death from 
prostate cancer. The model was externally vali-
dated with a series of 1827 men treated at the Se-
attle Prostate Institute demonstrating a c-index of 
0.61. Further validation with 765 men treated at 
Arizona Oncology Services yielded a c-index of 
0.64. Potters et al. updated a postpermanent pros-
tate brachytherapy version of this nomogram to 
also include postimplant dosimetry; disease pro-
gression was defined by the Phoenix criteria and 
the predictions of the model were extended to 9 
years (Fig. 7.7) [22]. Clinical information from 
5931 patients, who underwent brachytherapy 
for clinically localized prostate cancer from six 
centers, was used in the model and the internally 
validated c-index was 0.71. This model should 
be used as designed, that is, as a posttreatment 
model. Its predictions should not be used to influ-
ence the primary treatment decision of a patient 

0
Points

Clinical Stage

Biopsy Gleason Sum

lsotope

EBRT

D90

Pretreatment PSA

Total Points

Predicted 9-Yr Prob.BFFF

T1

T2c T2a
2-5 6

7

Pd-103

l-125

No

Yes

280

0

30

0.97 0.95 0.9 0.8 0.7 0.5 0.3 0.1 0.01

45 60 75 90 105 120 135 150

10 30 50 70 90 120

200 140 120 100 80 60 40 20 0

9-106

T2b

10 20 30 40 50 60 70 80 90 100

Fig. 7.7  Posttreatment nomogram predicting 9-year free-
dom from prostate-specific antigen ( PSA) recurrence after 
permanent prostate brachytherapy without neoadjuvant 
androgen ablative therapy based on clinical stage, biopsy 

Gleason score, pretreatment PSA level, radioisotope, and 
the minimum calculated dose to 90 % of the prostate (D90). 
EBRT external beam radiation therapy, BFFF  biochemical 
freedom from failure. (Used with permission from [22])

 



1057 Nomograms for Prostate Cancer Decision Making

since the biologic equivalent dose administered 
is not known prior to treatment.

Active Surveillance or Watchful Waiting
The decision process for men with localized pros-
tate cancer includes choosing to observe or moni-
toring with no invasive therapy, a decision based 
on the patient’s comfort with placing more value 
on quality of life over side effects from treatment 
alternatives. Taking this into consideration, Kat-
tan et al. developed a nomogram for men who 
did not receive any definitive local therapy with 
the ability to predict prostate cancer-specific sur-
vival at 10 years (Fig. 7.8) [23]. The model was 
based on a series of 1911 patients who did not re-
ceive any form of local therapy within 6 months 
of diagnosis identified from six cancer registries 
in England between 1990 and 1996. The patient 
information including PSA, biopsy Gleason score 

(centrally reviewed), clinical stage, method of di-
agnosis (biopsy vs. transurethral resection of the 
prostate, TURP), percentage of cancer, age, and 
the use of androgen deprivation therapy within 6 
months of diagnosis were used in the modeling. 
The c-index of the model was 0.73, when using a 
two-thirds/one-third split-sample validation.

For patients wanting assistance with predict-
ing if they have an indolent form of prostate can-
cer, which may not warrant aggressive treatment, 
Kattan et al. developed a nomogram to predict 
the probability of indolent prostate cancer [24]. 
These cancers were defined as a tumor volume 
< 0.5 cc, pathological Gleason score ≤ 6, and con-
fined to the prostate (Fig. 7.9). It is very unlikely 
that tumors that meet these criteria would prog-
ress to declare themselves with any symptom-
atology or cause a man’s demise over the course 
of his lifetime in the absence of local therapy. 
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Therefore, patients who have been accurately 
identified based on pretreatment parameters be-
fore radical prostatectomy are optimal candidates 
for surveillance. The model was based on 409 
patients with complete information on systematic 
prostate biopsy results that had low-risk prostate 
cancer-pretreatment PSA < 20, clinical stage T1-
T2a, no primary or secondary Gleason grade 4 
or 5 cancer in biopsy, < 50 % positive cores, and 
< 20 mm total cancer in biopsy cores. The nomo-
gram uses PSA, clinical stage, primary and sec-
ondary biopsy Gleason grade, prostate volume by 
ultrasound, and length of cancer and noncancer 
in biopsy cores. The c-index for the internally 
validated base model was 0.64 and for the full 
model, which included all the parameters, it was 

0.79. When applied to an external cohort of 296 
low-risk patients the externally validated c-index 
of the model was 0.77. The external cohort in-
cluded men treated by radical prostatectomy at 
Cleveland Clinic between 1999 and 2007 [25].

Prostate Cancer Metagram
In efforts to be most clinically useful, a nomo-
gram addressing each endpoint of interest at each 
clinical state in the Fig. 7.3 clinical states should 
be available. To efficiently present the informa-
tion to the patient, it should be organized in a tab-
ular form with the pros and cons for each man-
agement strategy clearly identified, so he may 
identify those outcomes that are most important 
to him. To address this need, Nguyen and Kattan 
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developed a metagram that considers all the 
available treatments for localized prostate cancer 
as well as outcomes relevant to cancer control, 
survival, and quality of life (Fig. 7.10) [26]. To 
allow for the patient and physician to make an 
unbiased and nonarbitrary treatment decision, 
the data are presented in a simple tabular format, 
which can provide evidence-based data on the 
advantages and disadvantages of all treatment 
options simultaneously. Optimally, every cell of 
the table should be populated with the probability 
from a validated nomogram. If one considers that 
there may be 16 different treatment options with 
ten important outcomes of interest for patients 
with localized prostate cancer, then there are po-
tentially 160 treatment/outcome combinations 
that comprise the metagram for which an out-
come prediction tool is needed. At this time, only 
31 of the 160 cells of the metagram can be popu-
lated with currently available tools.

Nomograms for Other Clinical States

Risk of Prostate Cancer on Biopsy
Thompson et al. developed a nomogram, using 
data from 5519 men in the placebo arm of the 
Prostate Cancer Prevention Trial, to predict the 
risk of any prostate cancer and high-grade cancer 
based on age, ethnicity, PSA, DRE findings, prior 

history of biopsy, and use of finasteride [27]. The 
high-grade cancer was any pathology report with 
Gleason grade 4 or 5. This model has an advan-
tage over others, as all patients were biopsied to 
determine the presence or absence of cancer and 
biopsy specimens were centrally reviewed.

Rising PSA After Radical Prostatectomy
A rising PSA for men after radical prostatectomy 
can cause anxiety and concern; therefore, Pound 
et al. [28] and Freedland et al. [29] have devel-
oped risk groups to predict the risk of developing 
distant metastases and PCSM, respectively. Tee-
ter et al. further evaluated the role of postopera-
tive nomograms in predicting PCSM [30]. They 
evaluated the Duke Prostate Center (DPC) nomo-
gram, the Kattan postoperative nomogram, the 
Johns Hopkins Hospital (JHH) nomogram, and 
the joint Center for Prostate Disease Research 
(CPDR)/Cancer of the Prostate Strategic Urolog-
ic Research Endeavor (CaPSURE) nomogram, 
and noted that each could better predict PCSM 
than BCR. However, a limitation of these tables 
is that they do not distinguish between local ver-
sus systemic recurrence and thus should not be 
used to dictate the use of local versus systemic 
salvage therapy.

To determine which patients would most ben-
efit from salvage radiotherapy after biochemical 
failure, Stephenson et al. developed a nomo-
gram that predicts the 6-year PFP after salvage 
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Fig. 7.10  Metagram for determining treatment for clini-
cally localized prostate cancer. A blank cell indicates an 
outcome for a specific treatment for which no validated 

prediction model exists. Ideally, a probability from a vali-
dated nomogram should populate every cell of the table. 
(Modified with permission from [26])
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radiotherapy ± preradiotherapy androgen depri-
vation therapy (Fig. 7.11) [31]. The model used 
clinical information from 1545 patients treated 
with salvage radiotherapy for evidence of bio-
chemical recurrence (defined as rising PSA level 
> 0.2 ng/mL) from 17 institutions. The nomo-
gram uses 11 standard clinical and pathological 
parameters available before salvage radiotherapy 
with an internally validated c-index of 0.69. The 
SEARCH database was used to externally vali-
date the model with a c-index of 0.65 [32].

Castrate-Resistant Metastatic Prostate 
Cancer
Over the last few years, new and effective thera-
pies have been introduced for the treatment of 
metastatic castrate resistant prostate cancer. 
Therefore, nomograms predicting the overall 
survival for men in this cohort need to be revali-
dated [33]. Omlin et al. [34] recently sought to 
revalidate the nomogram initially developed by 
Halabi et al. [35], which was modeled to predict 
overall survival at 1 and 2 years by using the 
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clinical variables including lactate dehydroge-
nase, PSA, alkaline phosphatase, Gleason sum, 
Eastern Cooperative Oncology Group perfor-
mance status, hemoglobin, and the presence of 
visceral disease. They found improved survival, 
and determined that participation in phase I, II, 
and III clinical trials was safe for patients.

Limitations of Nomograms

For the patient and physician, nomograms pro-
vide tools to personalize the decision of how to 
proceed with treatment, yet these models are not 
perfect and may not fit all men with prostate can-
cer. This is generally due to the modeling for the 
nomograms usually being based on patient popu-
lations from tertiary, referral, and/or academic 
centers. The outcomes at these centers may be 
considerably different than those in the commu-
nity, including variation to the access and quality 
of treatment at the patient’s home institution and 
the level of experience by the treating physician. 
To address this concern, Greene et al. validated 
the preoperative nomogram to estimate disease 
recurrence after radical prostatectomy on a co-
hort of patients treated at both academic and 
community centers [36]. They observed that the 
nomogram tended to overestimate the likelihood 
of cure amongst this patient population (particu-
larly for those with probabilities of recurrence 
less than 35 %).

The use of PSA in the posttreatment setting 
should be used with caution. While a rising 
PSA universally antedates clinical disease re-
currence, it has not been validated as a surro-
gate endpoint for PCSM. Therefore, it is fair to 
use PSA recurrence as a valuable endpoint for 
counseling patients regarding the likelihood of 
treatment success, although the probability of 
developing clinical recurrence and death from 
prostate cancer are more meaningful endpoints 
to predict.

The appropriate nomogram should be selected 
after the patient has made his decision for treat-
ment, and not to use as a tool to compare the pre-
dicted outcome based on radical prostatectomy, 

external-beam radiotherapy, and brachytherapy. 
The nomograms do not predict the success of 
one therapy over another and the interpretation 
of the freedom from disease recurrence based on 
PSA should be done with care, as the definition 
of PSA recurrence varies. When Gretzer et al. 
[37] applied the ASTRO criteria of recurrence to 
a cohort of men who underwent a radical pros-
tatectomy it produced an apparent improvement 
in the 15-year PFP from 68 % (based on a single 
PSA rise ≥ 0.2 ng/mL) to 90 %. When compar-
ing all three treatment modalities with a similar 
definition for PSA recurrence, there is a bias for 
radiotherapy (external-beam and brachytherapy). 
This occurs because the patient who is treated 
with radiotherapy needs to reach a PSA nadir, 
which may take several years. For those treated 
with a radical prostatectomy, that PSA nadir is 
achieved within the first few weeks post proce-
dure. Therefore, for patients who have biochemi-
cal recurrence after radical prostatectomy, they 
will fail earlier than those treated with radiothera-
py. Biochemical progression is not an equivalent 
endpoint when comparing radical prostatectomy 
and external-beam radiotherapy. When evaluat-
ing the median interval from biochemical recur-
rence to metastatic disease (in the absence of sal-
vage androgen-deprivation therapy), for patients 
undergoing a radical prostatectomy it is 8 years 
compared to only 3 years after external-beam 
radiotherapy. This would make it seem like pa-
tients who develop biochemical recurrence after 
external-beam radiotherapy are at a considerably 
higher risk of early metastatic progression than 
those men who recur following radical prostatec-
tomy.

For the patient and physician, nomograms 
provide the most accurate tool for predicting out-
comes. The modeling used evaluates variables as 
continuous, thus allowing to best predict accu-
rate treatment success for the different treatment 
modalities for localized prostate cancer. The de-
cision of how to manage his localized prostate 
cancer is a difficult one for the patient. Yet with 
the appropriate information to determine ac-
curate estimation of the success the patient can 
make a decision that best fits his lifestyle and 
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beliefs, whether it is radical prostatectomy, ex-
ternal-beam radiotherapy, or brachytherapy. It is 
important to appreciate the value of nomograms 
to make predictions, and should be interpreted as 
such, they are not to make treatment recommen-
dation or serve as proxy for physician–patient 
interactions.

We are well served by current nomograms as 
they provide the patient a strong tool in making 
management decisions. They also provide the 
patient and physician the opportunity to discuss 
all the different variables that influence the man-
agement of localized prostate cancer. As a field 
it would behoove us to continue to update and 
revalidate nomograms that predict the likelihood 
of long-term urinary and sexual function, along 
with other outcomes, as patients and physicians 
explore treatment alternatives, especially to ade-
quately reflect novel treatments and longer series 
follow-up.

References

 1. Albertsen PC, Hanley JA, Fine J. 20-year out-
comes following conservative management 
of clinically localized prostate cancer. JAMA. 
2005;293(17):2095–101.

 2. Ross PL, Gerigk C, Gonen M, Yossepowitch O, Ca-
giannos I, Sogani PC, et al. Comparisons of nomo-
grams and urologists’ predictions in prostate cancer. 
Semin Urol Oncol. 2002;20(2):82–8.

 3. D’Amico AV, Whittington R, Malkowicz SB, Schul-
tz D, Blank K, Broderick GA, et al. Biochemical 
outcome after radical prostatectomy, external beam 
radiation therapy, or interstitial radiation therapy 
for clinically localized prostate cancer. JAMA. 
1998;280(11):969–74.

 4. Cooperberg MR, Pasta DJ, Elkin EP, Litwin MS, 
Latini DM, Du Chane J, et al. The University of 
California, San Francisco cancer of the prostate risk 
assessment score: a straightforward and reliable pre-
operative predictor of disease recurrence after radi-
cal prostatectomy. J Urol. 2005;173(6):1938–42.

 5. Mitchell JA, Cooperberg MR, Elkin EP, Lubeck DP, 
Mehta SS, Kane CJ, et al. Ability of 2 pretreatment 
risk assessment methods to predict prostate cancer 
recurrence after radical prostatectomy: data from 
CaPSURE. J Urol. 2005;173(4):1126–31.

 6. Partin AW, Kattan MW, Subong EN et al. Combina-
tion of prostate-specific antigen, clinical stage, and 
Gleason score to predict pathological stage of local-
ized prostate cancer. A multi-institutional update. 
JAMA 1997; 277:1445–51.

 7. Chan T, Partin A, Walsh P, Epstein J. Prognostic 
significance of Gleason score 3 + 4 versus Gleason 
score 4 + 3 tumor at radical prostatectomy. Urology. 
2000;56(5):823–7.

 8. Kattan MW, Scardino P. Prediction of progression: 
nomograms of clinical utility. Clin Prostate Cancer. 
2002;1(2):90–6.

 9. Scher HI, Heller G. Clinical states in prostate can-
cer: toward a dynamic model of disease progression. 
Urology. 2000;55(3):323–7.

10. Ross PL, Scardino PT, Kattan MW. A catalog of pros-
tate cancer nomograms. J Urol. 2001;165(5):1562–8.

11. Bianco FJ Jr., Scardino PT, Eastham JA. Radical 
prostatectomy: long-term cancer control and recov-
ery of sexual and urinary function (“trifecta”). Urol-
ogy. 2005;66(5 Suppl):83–94.

12. Graefen M, Karakiewicz PI, Cagiannos I, Quinn DI, 
Henshall SM, Grygiel JJ, et al. International valida-
tion of a preoperative nomogram for prostate cancer 
recurrence after radical prostatectomy. J Clin Oncol. 
2002;20(15):3206–12.

13. Bianco FJ Jr., Kattan MW, Scardino PT, Powell 
IJ, Pontes JE, Wood DP Jr.. Radical prostatectomy 
nomograms in black American men: accuracy and 
applicability. J Urol. 2003;170(1):73–6; discus-
sion 6–7.

14. Stephenson AJ, Kattan MW, Eastham JA, Dotan 
ZA, Bianco FJ Jr., Lilja H, et al. Defining bio-
chemical recurrence of prostate cancer after radical 
prostatectomy: a proposal for a standardized defini-
tion. J Clin Oncol. 2006;24(24):3973–8.

15. Stephenson AJ, Scardino PT, Eastham JA, Bianco FJ 
Jr., Dotan ZA, Fearn PA, et al. Preoperative nomo-
gram predicting the 10-year probability of prostate 
cancer recurrence after radical prostatectomy. J Natl 
Cancer Inst. 2006;98(10):715–7.

16. Stephenson AJ, Kattan MW, Eastham JA, Bianco 
FJ Jr., Yossepowitch O, Vickers AJ, et al. Prostate 
cancer-specific mortality after radical prostatectomy 
for patients treated in the prostate-specific antigen 
era. J Clin Oncol. 2009;27(26):4300–5.

17. Stephenson AJ, Scardino PT, Eastham JA, Bianco FJ 
Jr., Dotan ZA, DiBlasio CJ, et al. Postoperative no-
mogram predicting the 10-year probability of pros-
tate cancer recurrence after radical prostatectomy. J 
Clin Oncol. 2005;23(28):7005–12.

18. Kattan MW, Zelefsky MJ, Kupelian PA, Scardino 
PT, Fuks Z, Leibel SA. Pretreatment nomogram for 
predicting the outcome of three-dimensional confor-
mal radiotherapy in prostate cancer. J Clin Oncol. 
2000;18(19):3352–9.

19. Zelefsky MJ, Kattan MW, Fearn P, Fearon BL, 
Stasi JP, Shippy AM, et al. Pretreatment nomogram 
predicting ten-year biochemical outcome of three-
dimensional conformal radiotherapy and intensity-
modulated radiotherapy for prostate cancer. Urol-
ogy. 2007;70(2):283–7.

20. Kattan MW, Zelefsky MJ, Kupelian PA, Cho D, 
Scardino PT, Fuks Z, et al. Pretreatment nomo-
gram that predicts 5-year probability of metastasis 



1117 Nomograms for Prostate Cancer Decision Making

following three-dimensional conformal radiation 
therapy for localized prostate cancer. J Clin Oncol. 
2003;21(24):4568–71.

21. Kattan MW, Potters L, Blasko JC, Beyer DC, Fearn 
P, Cavanagh W, et al. Pretreatment nomogram for 
predicting freedom from recurrence after permanent 
prostate brachytherapy in prostate cancer. Urology. 
2001;58(3):393–9.

22. Potters L, Roach M 3rd, Davis BJ, Stock RG, Ciezki 
JP, Zelefsky MJ, et al. Postoperative nomogram 
predicting the 9-year probability of prostate cancer 
recurrence after permanent prostate brachytherapy 
using radiation dose as a prognostic variable. Int J 
Radiat Oncol Biol Phys. 2010;76(4):1061–5.

23. Kattan MW, Cuzick J, Fisher G, Berney DM, Oliver 
T, Foster CS, et al. Nomogram incorporating PSA 
level to predict cancer-specific survival for men with 
clinically localized prostate cancer managed without 
curative intent. Cancer. 2008;112(1):69–74.

24. Kattan MW, Eastham JA, Wheeler TM, Maru N, 
Scardino PT, Erbersdobler A, et al. Counseling men 
with prostate cancer: a nomogram for predicting the 
presence of small, moderately differentiated, con-
fined tumors. J Urol. 2003;170(5):1792–7.

25. Dong F, Kattan MW, Steyerberg EW, Jones JS, 
Stephenson AJ, Schroder FH, et al. Validation of 
pretreatment nomograms for predicting indolent 
prostate cancer: efficacy in contemporary urological 
practice. J Urol. 2008;180(1):150–4; discussion 4.

26. Nguyen CT, Kattan MW. Development of a pros-
tate cancer metagram: a solution to the dilemma of 
which prediction tool to use in patient counseling. 
Cancer. 2009;115(13 Suppl):3039–45.

27. Thompson IM, Ankerst DP, Chi C, Goodman PJ, 
Tangen CM, Lucia MS, et al. Assessing prostate 
cancer risk: results from the prostate cancer preven-
tion trial. J Natl Cancer Inst. 2006;98(8):529–34.

28. Pound CR, Partin AW, Eisenberger MA, Chan DW, 
Pearson JD, Walsh PC. Natural history of progres-
sion after PSA elevation following radical prostatec-
tomy. JAMA. 1999;281(17):1591–7.

29. Freedland SJ, Humphreys EB, Mangold LA, Eisen-
berger M, Dorey FJ, Walsh PC, et al. Risk of pros-
tate cancer-specific mortality following biochemi-
cal recurrence after radical prostatectomy. JAMA. 
2005;294(4):433–9.

30. Teeter AE, Presti JC Jr., Aronson WJ, Terris MK, 
Kane CJ, Amling CL, et al. Do nomograms de-
signed to predict biochemical recurrence (BCR) 
do a better job of predicting more clinically rel-
evant prostate cancer outcomes than BCR? A re-
port from the SEARCH database group. Urology. 
2013;82(1):53–8.

31. Stephenson AJ, Scardino PT, Kattan MW, Pisansky 
TM, Slawin KM, Klein EA, et al. Predicting the out-
come of salvage radiation therapy for recurrent pros-
tate cancer after radical prostatectomy. J Clin Oncol. 
2007;25(15):2035–41.

32. Moreira DM, Jayachandran J, Presti JC Jr., Aron-
son WJ, Terris MK, Kane CJ, et al. Validation of a 
nomogram to predict disease progression following 
salvage radiotherapy after radical prostatectomy: 
results from the SEARCH database. BJU Int. 
2009;104(10):1452–6.

33. Halabi S, Lin CY, Small EJ, Armstrong AJ, Kaplan 
EB, Petrylak D, et al. Prognostic model predicting 
metastatic castration-resistant prostate cancer sur-
vival in men treated with second-line chemotherapy. 
J Natl Cancer Inst. 2013;105(22):1729–37.

34. Omlin A, Pezaro C, Mukherji D, Mulick Cassidy 
A, Sandhu S, Bianchini D, et al. Improved survival 
in a cohort of trial participants with metastatic cas-
tration-resistant prostate cancer demonstrates the 
need for updated prognostic nomograms. Eur Urol. 
2013;64(2):300–6.

35. Halabi S, Small EJ, Kantoff PW, Kattan MW, Ka-
plan EB, Dawson NA, et al. Prognostic model 
for predicting survival in men with hormone-re-
fractory metastatic prostate cancer. J Clin Oncol. 
2003;21(7):1232–7.

36. Greene KL, Meng MV, Elkin EP, Cooperberg MR, 
Pasta DJ, Kattan MW, et al. Validation of the Kat-
tan preoperative nomogram for prostate cancer re-
currence using a community based cohort: results 
from cancer of the prostate strategic urological re-
search endeavor (capsure). J Urol. 2004;171(6 Pt 
1):2255–9.

37. Gretzer MB, Trock BJ, Han M, Walsh PC. A critical 
analysis of the interpretation of biochemical failure 
in surgically treated patients using the American so-
ciety for therapeutic radiation and oncology criteria. 
J Urol. 2002;168(4 Pt 1):1419–22.   



113

8Genetic Determinants of 
Familial and Hereditary 
Prostate Cancer

Jesse K. McKenney, Christopher G. Przybycin  
and Cristina Magi-Galluzzi

C. Magi-Galluzzi ()
Department of Pathology, Cleveland Clinic, Robert J. 
Tomsich Pathology and Laboratory Medicine Institute, 
Cleveland, OH, USA
e-mail: magic@ccf.org

J. K. McKenney
Department of Pathology, Cleveland Clinic,  
Robert J. Tomsich Pathology and Laboratory Medicine 
Institute, Cleveland, OH, USA
e-mail: mckennj@ccf.org

C. G. Przybycin
Department of Pathology, Cleveland Clinic, Robert J. 
Tomsich Pathology and Laboratory Medicine Institute, 
Cleveland, OH, USA
e-mail: przybyc@ccf.org

Introduction

Prostate carcinoma (PCa) is a multifactorial 
disease influenced by both environmental and 
genetic factors. After advancing age and eth-
nic background, the strongest epidemiological 
risk factor for PCa is a positive family history. 
Although genetic factors implicated in the de-
velopment of PCa are as yet ill defined, over the 
past 20 years the body of evidence that gene ab-
normalities may be specifically associated with 
prostate cancer risk has grown immensely, rang-
ing from familial aggregation and twin studies, 
to family-based linkage studies, to detection of 
likely functional genes via mutation screening, 
to molecular epidemiological studies of both 
rare and common polymorphisms of candidate 
genes [1]. Gene–environment interactions play a 
crucial role in cancer development, particularly 
when low penetrance genes such as genetic poly-

morphisms are the major contributor. Strength-
ening the genetic evidence is a high frequency 
of prostate cancer in monozygotic as compared 
to dizygotic twins. Two different analyses have 
revealed a concordance for prostate cancer diag-
nosis of 21.1 and 27.1 % for monozygotic versus 
6.4 and 7.1 % for dizygotic twins, respectively 
[2, 3]. Using a model developed to determine the 
effects of heritable versus environmental factors, 
heritable factors have been estimated to account 
for 42 % of prostate cancer risk in one study [2].

For practical purposes, PCa can be divided into 
three groups: hereditary, familial, and sporadic. 
Up to 85 % of all prostate cancers are sporadic 
and only 10–15 % are genetically determined [4]. 
Hereditary PCa, compatible with Mendelian in-
heritance criteria, is demonstrated only in 5 % of 
cases with PCa family history, whereas familial 
PCa accounts for about 13–25 % of cases. Hered-
itary prostate cancer has been defined as families 
that meet at least one of the following three crite-
ria: 1—three or more first-degree relatives (e.g., 
father, son, brother) affected with PCa in any 
nuclear family; 2—occurrence of PCa in each 
of three successive generations in either of the 
proband’s paternal or maternal lineages; or 3—at 
least two relatives, both affected with PCa diag-
nosed before age 55 [5]. Familial aggregations 
of PCa that do not fulfill the previously reported 
criteria but have at least two affected first-degree 
relatives are defined as familial forms. Sporadic 
PCa are likely due to nonhereditary causes. Even 
if there is more than one case in the family, there 
is no particular pattern of inheritance.

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_8,
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The relative risk of PCa in a man with a broth-
er or father with PCa is 3.4 and 2.2, respectively 
[6, 7], and increases proportionally to the number 
of diseased relatives and their decrease in age at 
diagnosis, so that the risk of developing PCa is 
assessed 8.5 for men with both first-and second-
degree affected relatives [1]. Family history is 
associated with 2.2-fold risk of PCa before age 
65 years and 1.7-fold risk for onset after age 65; 
in the presence of a family history that includes 
both PCa and either breast or ovarian cancer, the 
risk is approximately 5.8, but results differ be-
tween studies [8, 9].

No distinct clinicopathologic characteristics 
or tumor progression attributes have been gen-
erally identified for hereditary versus sporadic 
PCa, except an earlier age at diagnosis (heredi-
tary PCa occurs on average 6 years earlier than 
the sporadic form) [10, 11].

Apart from RNaseL-, ElaC2-, MSR1-, 
HOXB13- as well as low number of CAG repeats 
in the androgen receptor (AR) gene, there are no 
other identified high-risk genetic variants which 
might be considered responsible for hereditary 
PCa. These findings suggest that even familial 
PCa is a genetically heterogeneous disease, re-
lated to changes in many gene loci rather than a 
specific major susceptibility gene. These genetic 
changes likely interact not only reciprocally, but 
also with environmental conditions that are gen-
erally more strongly associated with sporadic 
PCa initiation [1].

Strong Candidates for Susceptibility 
Genes

Recent studies suggest that hereditary prostate 
cancer is a complex disease, involving mul-
tiple susceptibility genes with variable pheno-
typic expression. Family-based studies have 
identified three strong candidate susceptibility 
genes involved in the hereditary form of pros-
tate cancer: the endoribonuclease RNaseL gene 
( RNaseL/hereditary prostate cancer 1 ( HPC1)), 
the 3′ processing endoribonuclease ELaC2/HPC2 
gene, the macrophage scavenger receptor 1 gene 
( MSR1), and HOXB13 (Table 8.1).

RNaseL/HPC1 (1q24–25)

The identification of genetic susceptibility loci 
for prostate cancer has been extremely difficult. 
It was only in 1996 that the first prostate cancer 
susceptibility locus, HPC1, was mapped to chro-
mosome 1q24–25, which was subsequently iden-
tified as the RNaseL gene. RNaseL is a uniquely 
regulated endoribonuclease requiring 5′-triphos-
phorylated, 2′,5′-linked oligoadenylates (2–5A) 
for its activity. This enzyme is important in im-
mune response to viral infection, induction of 
apoptosis, and cell cycle and cell differentiation 
regulation. The presence of germ-line mutations 
in RNaseL that segregate with disease within 
hereditary-prostate-cancer-affected families and 
the loss of heterozygosity (LOH) in tumor tissues 
suggest a relationship between innate immunity 
and tumor suppression.

RNaseL mutations have an autosomal domi-
nant type of inheritance with high penetrance; 
consequently, carriers of this mutant variant have 
a high risk of prostate cancer development [4]. 
The HPC1 locus is associated with disease that 
affects younger men (age < 66 years) and mul-
tiple family members [12]. Men with this predis-
position typically have more aggressive cancer 
(higher Gleason score), often locally advanced or 
even metastatic. Germ-line mutations in the tu-
mor-suppressor gene RNaseL have been reported 
to track in PCa families, and have been implicat-
ed in up to 13 % of all prostate cancer cases [13].

ElaC2/HPC2 (17p11.2)

The ElaC2/HPC2 gene at 17p11.2 is the first can-
didate gene identified for human prostate cancer 
based on linkage analysis and positional clon-
ing [14]. HPC2 gene encodes ElaC protein 2, a 
zinc phosphodiesterase located in the nucleus. 
ElaC2 displays transfer ribonucleic acid (tRNA) 
3′-processing endonuclease activity, inducing 
tRNA maturation. The ELaC2/HPC2 gene dis-
played several sequence variants: missense mu-
tations Ser217Leu, Ala541Thr, and Arg781His 
and a frame-shift mutation 1641 insG [14]. Two 
previous studies found an association between 
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Ser217Leu and Ala541Thr and their combination 
with PCa [14, 15].

The finding of a nonsense mutation in the 
HPC2/ELaC2 gene confirms its potential role in 
genetic susceptibility to prostate cancer. How-
ever, HPC2/ELaC2 germ-line mutations are rare 
in hereditary prostate cancer and variants Leu217 
and Thr541 do not appear to influence the risk 
for hereditary prostate cancer, suggesting that 
alterations within the HPC2/ELaC2 gene play a 
limited role in genetic susceptibility to hereditary 
prostate cancer [16].

MSR1 (8p22–23)

The MSR1 gene at 8p22–23 has been implicated 
as a candidate gene for hereditary prostate cancer. 
MSR1 encodes membrane glycoproteins, MSR 

type-I and type-II, involved in the modulation 
of interaction between foreign cells and macro-
phages, cell adhesion and phagocytosis, arterial 
wall deposition of cholesterol during atherogen-
esis, and endocytosis of low density lipoproteins. 
The frequencies of deleterious alleles is low, and 
the penetrance is apparently moderate, suggest-
ing that MSR1 is not a major susceptibility gene 
in prostate cancer families [17]. Meta analysis of 
existing data has failed to show any clear correla-
tion between the MSR1 locus and the hereditary 
risk of prostate cancer [18].

HOXB13 (17q21–22)

HOXB13 is a transcription factor gene impor-
tant in prostate development. HOXB13 is sup-
pressed in AR negative prostate cancer cells and 

Table 8.1  Genes involved in prostate cancer development
Gene localization Candidate gene/locus Gene function Key features
Strong candidates for susceptibility genes
1q25.3 RNaseL/HPC1 Antiviral and pro-apoptotic 

role
< 65 year old, high GS, advanced disease 
at diagnosis, strong relationship with PCa 
in families with > 5 affected men

17p11 ELaC2/HPC2 Induces tRNA maturation
8p22–23 MSR1 Involved in arterial wall 

deposition of cholesterol 
and in endocytosis of low 
density lipoproteins

Meta analysis failed to reveal correlation 
between locus
for MSR1 and hereditary risk for PCa

17q21–22 HOXB13 5 % of families, predominantly of Euro-
pean descent, more frequent in males 
diagnosed with PCa with early-onset 
disease and family history

Weak candidates for susceptibility genes ( low-risk alleles)
Xq27–28 HPCX Gonosomal inheritance, higher risk of 

PCa in men with affected brother than 
with affected father; early-onset prostate 
cancer, responsible for 16 % of hereditary 
PCa

20q13 HPC20 PCa diagnosed at older age
17q21 BRCA1 Regulation of cell cycle 

progression and DNA 
repair

Germ-line mutations observed in 0.44 % 
of PCa cases; 9.5 % lifetime risk of PCa 
by age 65 years

13q12–13 BRCA2 DNA recombination and 
repair

Relative risks estimated as high as 
fivefold to sevenfold at young age (≤ 65 
years); 20 % lifetime risk of PCa

1q42–43 PCAP Male-to-male transmission, average age 
at diagnosis < 66 years, and ≥ 5 affected 
individuals

GS Gleason score, PCa prostate cancer, tRNA transfer ribonucleic acid
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its overexpression results in significant inhibition 
of cell growth. In addition, HOXB13 has been 
shown to suppress androgen-stimulated AR ac-
tivity by interacting with the receptor [19].

A recurrent germ-line mutation (G84E) in the 
HOXB13 has been recently identified by Ewing 
et al. in a previously recognized region of link-
age at 17q21–22 as harboring an increased risk 
for familial prostate cancer [20]. Xu et al. have 
utilized a large sample of prostate cancer-prone 
families recruited by the International Consor-
tium for Prostate Cancer Genetics (ICPCG) to 
confirm that the HOXB13 G84E mutation is rare, 
but significantly associated with predisposition 
to PCa. G84E mutation was present in ~ 5 % of 
prostate cancer families, predominantly of Eu-
ropean descent, and was encountered more fre-
quently in males diagnosed with PCa (51 %) than 
in unaffected male family members (30 %) [21]. 
The frequency of the mutation was higher in PCa 
patients with early-onset disease (age at diagno-
sis ≤ 55 years, 2.2 %) or with positive family his-
tory (2.2 %), and most common in patients with 
both features (3.1 %). In a family-based analysis, 
the proportion of G84E mutation-associated PCa 
was highest in families from the Nordic coun-
tries of Finland (22.4 %) and Sweden (8.2 %), 
particularly for early-onset PCa and cases with 
substantially elevated prostate-specific antigen 
(PSA) [22]. HOXB13 G84E variant poses a sta-
tistically significant risk of hereditary PCa, while 
accounting for only a small fraction of all pros-
tate cancers.

Weak Candidates for Susceptibility 
Genes

An indeterminate number of weak candidate 
susceptibility loci have been suggested to be in-
volved in hereditary PCa (Table 8.1). However, 
high-risk PCa alleles, associated with a lifetime 
penetrance of at least 66 %, have a frequency un-
likely above 2–3 % of the cases, whereas low-risk 
PCa alleles may have a more frequent impact on 
sporadic PCa.

HPCX (Xq27–28)

A linkage analysis of 360 families at high risk 
for PCa identified the q27–28 region on chromo-
some X as the potential location of a gene, hered-
itary prostate cancer X-linked ( HPCX), involved 
in prostate cancer susceptibility [23]. Results 
supporting this localization were obtained in 
another analysis of 153 American families. The 
most significant evidence of linkage to this locus 
was found in pedigrees without male-to-male 
transmission and with early-onset prostate cancer 
[24]. Studies have revealed a higher relative risk 
of prostate cancer for men with a brother affected 
by PCa than for men with an affected father. It 
is presumed that HPCX is responsible for 16 % 
of hereditary PCas [25]. HPCX variants seem to 
be associated with prostate tumor aggressiveness 
[12].

HPC20 (20q13)

A recent study of hereditary prostate cancer has 
provided evidence for a prostate cancer-suscep-
tibility locus, HPC20, which maps to 20q13. It 
is speculated that HPC20 may potentially play a 
role in men with PCa diagnosed at older age [26].

PCAP (1q42–43)

PCAP (predisposing for cancer prostate) was 
identified on 1q42.2–43 on a combined analysis 
of French and German families [27]. PCa tumor 
antigen-1 ( PCTA-1), located within the PCa sus-
ceptibility locus 1q42.2–43, is not a high-risk 
PCa gene, but data suggest that it might make 
a low-risk contribution [28]. PCTA-1 belongs 
to the family of galectins. Galectins expression 
correlates with tumor growth and differentiation, 
modulates tumor cell adhesion, and mediates cell 
proliferation, survival, and apoptosis. Linkage 
studies using microsatellite markers on 144 pros-
tate cancer families found suggestive evidence 
for linkage to PCAP in 21 families that met the 
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criteria of male-to-male transmission, average 
age at diagnosis < 66 years, and ≥ 5 affected indi-
viduals [29]. The role of PCAP in prostate cancer 
warrants further investigation.

8 q24

Two independent genome-wide association stud-
ies of prostate cancer, using different methodolo-
gies, converged on the same chromosomal locus, 
8q24 [30, 31]. A 3.8-megabase region of 8q24 
has been identified as significantly associated 
with prostate cancer risk. The region contains 
nine known genes, including the oncogene MYC, 
commonly gained in PCa. Single nucleotide poly-
morphisms (SNPs) within three adjacent regions 
at 8q24 have been recently identified to be con-
nected with familiar PCa risk [32, 33]. In 2009, 
two additional risk regions were discovered at 
8q24 [34]. At least nine SNPs, all independently 
associated with PCa risk, reside within these five 
loci. Notably, all 8q24 risk polymorphisms reside 
in intergenic, noncoding regions of the genome 
[35]. Chung et al. have recently shown that a 
critical region at 8q24 is transcribed as a ∼ 13 kb 
intron-less non-coding RNA (ncRNA), termed 
PRNCR1 (prostate cancer ncRNA 1). PRNCR1 
expression was found to be upregulated in some 
prostate cancer cells as well as the precursor le-
sion prostatic intraepithelial neoplasia [36].

Variability at 8q24 seems to be associated with 
high risk of aggressive PCa patterns at diagnosis.

16 q23

Prostate cancer linkage to the region of 16q23 
has been observed in a SNP-based genome-wide 
linkage scan on 131 Caucasian prostate cancer 
families participating in the University of Michi-
gan Prostate Cancer Genetics Project. Linkage to 
this same region, which contains several strong 
candidate genes including the known pros-
tate cancer tumor-suppressor genes ATBF1 and 
WWOX, has also been observed [37].

Prostate Cancer Associated with Other 
Tumors

Several epidemiological studies have shown a 
possible, either synchronous or metachronous 
association of different tumors (e.g., breast, 
brain, gastrointestinal tumors, and lymphomas) 
with PCa, thus suggesting common genetic risk 
factors.

BRCA1 (17q21), BRCA2 (13q12)

The breast cancer susceptibility genes 1 ( BRCA1) 
and 2 ( BRCA2) are tumor-suppressor genes that 
are inherited in an autosomal dominant fashion 
with incomplete penetrance. They are normally 
expressed in breast, ovary, prostate, and other tis-
sues. Their germ-line mutation is the cause of he-
reditary breast-ovarian cancer syndromes. Both 
genders have the same probability of inheriting 
the trait; however, the phenotype is different in 
males and females, and the risk of cancer is sig-
nificantly lower in males. Although the results of 
some studies are conflicting, it has been clearly 
shown that male BRCA mutation carriers are pre-
disposed to an increased risk of breast, prostate, 
pancreas, gastric, and hematologic cancers when 
compared to non-carriers.

Deleterious mutations in both genes have been 
associated with more aggressive prostate cancer 
and poor clinical outcome [38].

BRCA1 is on chromosome 17q21 and encodes 
a protein that has been implicated in the regula-
tion of cell cycle progression, DNA damage re-
sponse and repair, transcriptional regulation and 
chromatin modeling. BRCA1 has been associ-
ated with an increased risk of sporadic PCa (3.5-
fold), even though germ-line mutations in this 
gene have only been observed in 0.44 % of PCa 
cases [39] (Table 8.1).

BRCA2 is on chromosome 13q12 and its func-
tion seems to be limited to DNA recombination 
and repair processes. There is consistent evi-
dence that germ-line mutations in BRCA2 lead to 
an increased risk of prostate cancer, with relative 
risks estimated as high as fivefold to sevenfold, 
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and some evidence suggesting a more important 
role in prostate cancer presenting at a young age 
(≤ 65 years) [38] (Table 8.1).

The lifetime risk of PCa in BRCA2 mutation 
carriers has been estimated to be 20 %, while for 
BRCA1 the risk is 9.5 % by age 65 years [39], 
similar to that in non-carriers.

Currently, the IMPACT study is evaluating the 
utility of PSA-based PCa screening in asymptom-
atic BRCA1 and BRCA2 mutation carriers [40].

CAPB (1p35–36)

The CAPB (prostate and brain cancer) gene, lo-
calized to 1p36 is reportedly linked to a predis-
position to both brain and prostate cancer. Strong 
evidence of linkage to this locus was reported 
with 12 families showing both hereditary pros-
tate cancer and a history of brain tumors [41]. 
However, other investigations have reported data 
that do not support linkage to this locus based on 
an independent analysis of 13 pedigrees repre-
senting the same clinical profile [29].

E-cadherin (16q)

Somatic mutations in the E-cadherin ( CDH1) 
gene have frequently been reported in cases 
with diffuse gastric and lobular breast cancers. 
Germ-line mutations of the CDH1 gene at 16q 
have recently been associated with familial gas-
tric cancer. Specifically, diffuse-type gastric can-
cers (such as signet-ring adenocarcinoma), while 
relatively uncommon, have a strong genetic as-
sociation with mutation of the CDH1 gene. Pros-
tate-specific cancer antigen (PSCA) was demon-
strated to be associated with an increased risk of 
diffuse gastric cancer, but not with intestinal-type 
gastric cancer [42].

Individual rare mutations and polymorphisms 
in the CDH1 gene, such as S270A, may contrib-
ute to the onset of PCa. A significant rise in gas-
tric cancer has been shown in pedigrees of PCa 
patients diagnosed before the age of 55 years; 
however, no association between PCa and CDH1 
germ-line mutation has been found so far [43].

2 q, 16q, 17q

Some hereditary PCa families have a co-occur-
rence of pancreatic adenocarcinoma. Three chro-
mosomal regions (2q, 16q, 17q) have been noted 
as harboring potential susceptibility loci, sug-
gesting a linkage between prostate and pancreatic 
cancer [44].

NBN (8q21)

Nibrin ( NBN), located on chromosome 8q21, is 
a gene involved in DNA double-strand break re-
pair that has been implicated in the rare autoso-
mal recessive chromosomal instability syndrome 
known as Nijmegen Breakage Syndrome (NBS). 
NBS is characterized by specific physical charac-
teristics (microcephaly and dysmorphic facies), 
immunodeficiency, and increased risk of ma-
lignancy. Individuals who are heterozygous for 
NBN mutations are clinically asymptomatic, but 
may display an elevated risk for certain cancers 
including, but not limited to, ovarian and prostate 
cancer and various lymphoid malignancies [45].

Androgen Receptor and Steroid 
Hormone Metabolism-Related Genes’ 
Involvement in Prostate Cancer

Conversion of testosterone to dihydrotestoster-
one (DHT), its active metabolite on prostatic tar-
get cells, is catalyzed in prostatic tissue by the 
enzyme 5-α-steroid-reductase (srd5α). The two 
genes srd5α1 and srd5α2, encoding for srd5α iso-
forms type I and type II, are located on chromo-
somes 5p15 and 2p23, respectively. It is believed 
that isoform type II predominates in the prostate. 
A larger number of dinucleotide thymine-adenine 
(TA) repeats (≥ 18) on the last exon of the srd5α2 
gene (locus 2p22–23) is common in African-
American men, and seems to confer an increased 
PCa predisposition [46].

AR is encoded by a gene located on the short 
arm of chromosome X (Xq11–12). This locus is 
one of the most conserved regions of the human 
genome, with only very rare mutations  occurring 
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at this site [47]. One of the critical functions 
of the product of the AR gene is to activate the 
expression of target genes. This activity resides 
in the transcriptional N-terminal domain of the 
protein, which is encoded in exon 1 and contains 
polymorphic guanine-guanine-cytosine (GGC) 
and cytosine-adenine-guanine (CAG) repeats. 
The variability in the AR gene length is deter-
mined by polymorphisms in the N-terminal re-
gion. A smaller number of either GGC (< 16) or 
CAG (< 18) repeats appears to be associated with 
a higher level of AR activity, resulting in an in-
creased PCa risk [48]. The number of CAG and 
GGC base triplet repetition in the first exon of the 
AR gene is substantially lower in African-Amer-
ican than in Caucasian men [4, 49].

Loss of chromosomal Y segment is the most 
common chromosomal alteration that may be 
identified in prostate cancer tissue. Sex-related 
gene on chromosome Y ( SRY) is downregulated 
in PCa. Since SRY acts as negative regulator of 
AR, the loss of chromosome Y results in an in-
crease in prostate cancer growth [50].

Immunohistochemical studies have shown 
that the percentage of AR-positive cancer cells 
is higher in hereditary PCa than in sporadic 
forms, whereas the mean number of estrogen-α-
receptor-positive stromal cells is higher in spo-
radic PCa than in the hereditary form [51].

Gene Mutations Possibly Associated 
with Prostate Cancer Development 
and Progression

PTEN (10q23.3)

Phosphatase and tensin homologue deleted on 
chromosome 10 ( PTEN), also referred to as mu-
tated in multiple advanced cancers ( MMAC1) 
and transforming growth factor-beta (TGF-β) 
regulated and epithelial cell enriched phospha-
tase ( TEP1), was first discovered in 1997 [52, 
53]. PTEN, mapped to 10q23.3, is frequently 
inactivated in somatic cancers and is the sec-
ond most common mutated tumor-suppressor 
gene after p53 [54]. It plays a role in various cell 
processes including apoptosis, cell cycle pro-

gression, cell proliferation, angiogenesis, aging, 
and DNA damage response [55]. PTEN encodes 
a dual specificity phosphatase with the ability 
to dephosphorylate both lipid and protein sub-
strates. By dephosphorylating PIP3 thereby op-
posing PI3K activity and resulting in subsequent 
downregulation of Akt, PTEN is the main nega-
tive regulator of the PI3K/Akt pathway [55].

PTEN functions may be impaired by muta-
tions and other genetic alterations. PTEN inac-
tivation may be due to inappropriate subcellu-
lar compartmentalization, altered proteasome 
degradation, somatic intragenic mutations, and 
epigenetic inactivation in sporadic tumors [55]. 
PTEN alterations include a variety of possible 
posttranslational modifications which may alter 
the phosphatase activity, direct subcellular local-
ization, affect PTEN complexes and influence 
protein stability. PTEN function can be impaired 
not only by heterozygous mutations and homozy-
gous losses, but also by other molecular mecha-
nisms, such as transcriptional regression, epigen-
etic silencing, and microRNAs regulation [56].

Normal cells usually show strong nuclear 
PTEN expression which is lost during transfor-
mation to neoplasia. Germ-line mutations of 
PTEN cause the PTEN hamartoma tumor syn-
drome (PHTS), which includes those previously 
called Cowden, Bannayan-Riley-Ruvalcaba, 
Proteus, Proteus-like, and Lhermitte-Duclos syn-
dromes [57]. Somatic mutations of PTEN have 
been observed in glioblastoma, prostate cancer, 
and breast cancer cell lines, to mention only few 
tissues where the involvement has been proven 
[52]. A common feature of PTEN somatic muta-
tions is the association with advanced stage tu-
mors (mainly glial and prostate cancers) [57].

Monoallelic [58, 59] and biallelic PTEN loss 
has been reported in approximately 42 and 10 % 
of prostate cancers, respectively [52, 53].

In mice, heterozygous loss (mutations in one 
allele) of PTEN has been shown to lead to can-
cers in various organs or systems, such as pros-
tate, thyroid, colon, lymphatic system, breast, and 
endometrium [60]. There is compelling evidence 
in mice confirming PTEN as a haploinsufficient 
tumor-suppressor gene [56]: loss of one allele 
leads to the progression of a lethal  polyclonal 



120 J. K. McKenney et al.

autoimmune disorder [61]; epithelial cancers, 
such as prostate cancer, are driven by PTEN het-
erozygosity [62]; cellular levels of PTEN protein 
inversely correlate with the occurrence of inva-
sive prostate cancer [56]. Consequently, func-
tional loss of one PTEN allele is critical for the 
onset of cancer in mice.

KLF 6 (10p15)

The loss-of-function mutation of Krüppel-like 
factor 6 ( KLF 6) at chromosome 10p15 is a ge-
netic change that can lead to deregulation of cell 
proliferation. KLF 6 is a tumor-suppressor gene 
inactivated in a significant percentage (up to 
55 %) of sporadic prostate cancers [63], however, 
its role in hereditary PCa has not been confirmed 
[64, 65]. KLF 6 is a ubiquitously expressed 
zinc finger transcription factor, which is part of 
a growing family of KLFs. The KLF family is 
broadly involved in differentiation and develop-
ment, growth-related signal transduction, cell 
proliferation, apoptosis, and angiogenesis [65].
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Introduction

Serum prostate-specific antigen (PSA) has re-
mained the mainstay biomarker for the prostate 
cancer diagnosis and management since its wide 
spread utilization as a screening tool almost 25 
years ago. Although it has led to a dramatic in-
crease in prostate cancer detection, PSA has 
substantial drawbacks both with sensitivity and 
specificity. Detection of clinically insignificant 
disease is another important issue. Together, 
these drawbacks of PSA emphasize the need for 
biomarkers that can supplement PSA as a diag-
nostic test, provide better cancer specificity than 
currently available tissue-based markers, reduce 
the number of unnecessary biopsies, and distin-
guish indolent from clinically significant prostate 
cancer. New genomic and bioinformatics tech-
nologies have allowed the discovery and study of 
an expanding universe of novel tissue-, urine- or 
body fluid-based biomarkers due to their higher 
cancer specificity and their prognostic or predic-
tive utilities. Such efforts have also produced 
several notable success stories that involve rap-
idly moving biomarkers from the bench to the 
clinic. α-Methylacyl-CoA racemase (AMACR), 

ERG fusion protein, PTEN, and PCA3 are impor-
tant examples of biomarkers, which have found 
their way from bench to clinic. This chapter sum-
marizes selected novel promising prostate cancer 
biomarkers of utility for the diagnosis, biological 
stratification, and prognosis of prostate cancer. 
The biomarkers addressed in the chapter are clas-
sified based on their diagnostic and prognostic 
applications as well as their functions as tissue- 
and urine-based markers (Table 9.1).

Molecular Markers of Diagnosis

Tissue-Based Molecular Markers  
of Diagnosis

α-Methylacyl-CoA Racemase

Biology
AMACR was discovered as a leading candidate 
gene by differential display and complementary 
deoxyribonucleic acid (DNA) subtraction mi-
croarray analysis [1, 2]. It is consistently over-
expressed in prostate cancer compared to benign 
prostatic tissue [1, 2]. It encodes a cytoplasmic 
protein involved in the β-oxidation of branched 
chain fatty acids. AMACR is not prostate can-
cer specific; it is also expressed by other cancers 
most notably, colorectal carcinomas and renal 
cell carcinomas, papillary type [3].

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_9,
© Springer Science+Business Media New York 2015
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Clinical Applications
Both monoclonal and polyclonal antibodies to 
AMACR have been developed. P504S, com-
mercially available monoclonal antibody to 
AMACR, is most widely used, clinically. In our 
experience both monoclonal and polyclonal an-
tibodies demonstrate similar levels of sensitivity 
and specificity for prostate cancer [4]. AMACR 
expression is cytoplasmic with granular staining 
pattern. The staining shows apical predominance 
(Fig. 9.1) and frequent heterogeneity (Fig. 9.2). 
Proportion of benign glands may also express 
AMACR; therefore interpretation of AMACR 
expression must be evaluated relative to the 
background staining of benign glands in the same 

biopsy. If benign glands demonstrate similar in-
tensity of staining compared to atypical glands, 
then staining should be interpreted as negative.

AMACR in the Diagnosis of Limited 
Prostate Cancer in Prostate Needle Biopsy
AMACR was the first prostate cancer tissue 
biomarker identified. Currently, AMACR is 
more commonly applied to complement basal 
cell markers in antibody cocktail formats. The 
cocktails are now routinely utilized to resolve 
the diagnosis of “atypical glands” or to confirm 
the diagnosis of small volume cancer in needle 

Table 9.1  Selected molecular markers of diagnosis and prognosis in prostate cancer
Biomarker Functional role Clinical application Category
AMACR β-oxidation of branched chain fatty acids Diagnostic Tissue
TMPRSS2:ERG gene 
fusions

Oncogenic transcription factor Diagnostic, prognostic, 
predictive

Tissue or urine

GSTP1 Caretaker gene Diagnostic Tissue
PCA3 Prostate cancer-specific marker, produces 

PCA3 RNA with no resultant protein
Diagnostic, prognostic Urine

PCA3 + ERG fusions See PCA3 and ERG Diagnostic, prognostic Urine
PTEN Tumor-suppressor gene Prognostic, predictive Tissue
EZH2 Transcriptional memory Prognostic Tissue
SPINK1 Functional role in ETS rearrangement-negative 

prostate cancer
Prognostic, diagnostic Tissue, urine

RNA ribonucleic acid, ETS E26 transformation-specific

Fig. 9.1  An example of limited prostate carcinoma immu-
nostained with P504S monoclonal antibody to AMACR 
(× 200). Expression of AMACR appears as granular stain-
ing predominantly in apical portion of cancer glands. Ad-
jacent benign glands are negative for AMACR

 

Fig. 9.2  Heterogeneous AMACR staining in cancer 
glands. The staining is strong in some cancer glands and 
weak or negative in others. This staining pattern is typi-
cal in prostate cancer and accounts for an 80 % AMACR 
positive rate in prostate cancer detected on needle biopsy
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biopsies (Fig. 9.1) [5]. Average sensitivity for the 
detection of limited prostate carcinoma in needle 
biopsies is in the range of 70–80 % with lower 
sensitivity reported in certain morphologic vari-
ants including foamy, pseudohyperplastic, and 
atrophic variants of usual acinar prostate adeno-
carcinoma [6, 7]. AMACR is expressed in ~ 90 % 
of irradiated prostate carcinomas; its expression 
is reduced in hormone-deprived cancers [8].

Positive AMACR staining supports a diag-
nosis of cancer in morphologically suspicious 
atypical glands. A diagnosis of cancer should not 
be reversed if AMACR and basal cell markers 
are negative and the morphology of the atypical 
glands is suspicious for carcinoma as a small pro-
portion of prostate cancer lacks AMACR expres-
sion.

Utility of AMACR in Resolving an “Atypical 
Glands Suspicious for Prostate Cancer” 
Diagnosis
One of the challenges encountered during biopsy 
evaluation is the diagnosis of atypical glands 
suspicious for cancer (ATYP), which typically 
require immunohistochemistry (IHC) for further 
diagnostic work up. Two studies have demon-
strated that in a subset of ATYP cases, positive 
AMACR may convert an ATYP to cancer diag-
nosis where morphology is suspicious for but 

not diagnostic of cancer and basal cell markers 
are negative [6, 9]. Caution should be exercised, 
however, before making a cancer diagnosis based 
on AMACR positivity alone as AMACR has sig-
nificant limitations with prostate cancer speci-
ficity. The diagnosis of high-grade prostatic in-
traepithelial neoplasia (HGPIN), partial atrophy, 
adenosis (atypical adenomatous hyperplasia) and 
nephrogenic adenoma must be ruled out on mor-
phological grounds before making a diagnosis of 
limited prostate cancer based on AMACR posi-
tivity.

Pitfalls
AMACR is not entirely specific for prostate can-
cer detection. The majority of HGPIN, nephro-
genic adenomas, a subset of partial atrophy le-
sions, adenosis, and even benign glands may 
demonstrate AMACR expression [6, 10–12]. A 
summary of biology, clinical applications, and 
pitfalls of AMACR biomarker is summarized in 
Table 9.2.

TMPRSS2:ERG Gene Fusions
Biology of ETS Gene Fusions  
in Prostate Cancer

Recurrent chromosomal rearrangements in 
prostate carcinoma were discovered through 

Table 9.2  α-Methylacyl-CoA racemase (AMACR, P504S)
Types of antibodies
Monoclonal (P504S) and polyclonal, both with comparable sensitivity and specificity
Staining pattern in prostate cancer
Granular cytoplasmic staining in apical distribution pattern
Diagnostic utility
1. Positive AMACR staining in atypical glands morphologically suspicious for cancer supports a cancer diagnosis
2. Positive AMACR may convert an ATYP to cancer diagnosis where morphology is suspicious but not diagnostic 
of cancer and basal cell markers are negative
Pitfalls
Staining intensity often heterogeneous in cancer glands
~ 20 % of prostate carcinomas diagnosed on needle biopsy lack AMACR expression
Lower positive rate in several histologic variants (foamy gland, atrophic, and pseudohyperplastic) of prostate 
carcinoma
Positive in > 90 % HGPIN, 20 % adenosis, majority of nephrogenic adenomas; frequently positive in partial atrophy 
and morphologically benign glands
Expressed in nonprostatic tumors (urothelial carcinoma, colon cancer, renal cell carcinoma, clear cell 
adenocarcinoma)

AMACR α-methylacyl-CoA racemase, ATYP atypical glands suspicious for cancer, HGPIN high-grade prostatic intraep-
ithelial neoplasia
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an unconventional bioinformatics approach 
termed as the “Cancer Outlier Profile Analy-
sis” (COPA) algorithm used to analyze DNA 
microarray studies. Using the results of COPA 
analysis of many prostate cancer profiling stud-
ies, in 2005 Tomlins et al. discovered recurrent 
chromosomal rearrangements in prostate cancer 
demonstrating fusion of the 5′ untranslated re-
gion of the androgen-regulated gene TMPRSS2 
with ERG or ETV1, two members of the E26 
transformation-specific ( ETS) transcription fac-
tor family genes [13]. Many subsequent studies 
have validated ETS gene fusions in the majority 
(~ 50 %) of PSA-screened prostate cancer surgi-
cal cohorts [14–17]. Fusions between TMPRSS2 
and ERG represent the most common molecular 
subtype accounting for ~ 90 % of all ETS gene 
fusions [13, 14, 16, 17]. In addition to the most 
common TMPRSS2:ERG rearrangements, sev-
eral other novel 5′ promoter or other upstream 
sequences of androgen-inducible genes ( HERV_
K22q11.23, SLC45A3, C15orf21, HNRPA2B1, 
KLK2, CANT1) and 3′ ETS transcription factors 
genes ( ETV4, ETV5, and ELK4) have also been 
identified, which comprise about 5–10 % of all 
gene fusions in prostate cancers [17–19]. Rear-
rangements of ERG at the chromosomal level are 
highly specific to prostate cancer and are an early 
molecular event seen in ~ 18 % of HGPIN lesions 
immediately adjacent to cancer demonstrating 
identical gene fusions [15, 20]. HGPIN lesions 
expressing TMPRSS2:ETS rearrangements are 
invariably associated with invasive cancer, sug-
gesting that they are a subset of true neoplastic 
precursors for TMPRSS2:ETS-positive cancers 
[15, 17, 20]. Clinically localized prostate cancer 
is typically a multifocal disease, with heteroge-
neous rearrangement for TMPRSS2:ETS fusions 
between different tumor foci [21]. In this schema 
of multifocal disease, a primary focus rearranged 
for TMPRSS2:ETS may progress and become ca-
pable of dissemination and give rise to metastatic 
disease. All metastatic disease foci retain similar 
TMPRSS2:ETS rearrangement like the primary 
focus, indicating that ETS rearrangement occurs 
before progression to metastatic disease and that 
the metastatic disease arises through the clonal 
expansion of a single focus of primary cancer 

capable of dissemination [22]. In summary, ETS 
gene fusions have been implicated to play a criti-
cal role in prostate carcinogenesis. ERG gene fu-
sions have yet not been demonstrated in benign 
prostate tissue, isolated HGPIN, or benign cancer 
mimics [23–25]. Taken together, ERG gene fu-
sions are the best prostate cancer-specific bio-
marker yet identified and define a specific mo-
lecular subtype of prostate cancer with important 
implications in diagnosis and management.

Anti-ERG Antibody as a Surrogate for ERG 
Gene Fusions in Prostate Cancer
TMPRSS2:ERG gene fusions result in the over-
expression of chimeric fusion transcripts that 
encode a truncated ERG protein product. Park 
et al. characterized a rabbit anti-ERG monoclo-
nal antibody [26]. A positive immunostain with 
this antibody highly correlated with the ERG 
gene rearrangement status determined by fluo-
rescent in situ hybridization (FISH), with 96 % 
sensitivity and specificity for determining ERG 
rearrangement in prostate cancer. Several subse-
quent studies have validated this observation and 
demonstrated that ERG immunohistochemical 
expression has a high accuracy for defining the 
TMPRSS2:ERG fusion status in prostate cancer 
[27–31]. Table 9.3 summarizes the published 
studies highlighting the type of ERG antibody 
utilized, frequency of expression in prostate 
cancer, and its sensitivity and specificity for the 
detection of ERG gene fusions in prostate carci-
noma. In summary, ERG oncoprotein detection 
in prostate cancer is highly concordant with ERG 
gene fusion status and can be reliably utilized as 
a surrogate of ERG gene fusions in prostate can-
cer diagnosis and management.

Clinical Applications of ERG IHC
Two monoclonal antibodies to C-terminus (clone 
EPR3864) and N-terminus (9FY) have been de-
veloped and are now commercially available. A 
recent study demonstrated similar levels of sensi-
tivity and specificity for detecting the ERG gene 
fusions for the two monoclonal antibodies [30]. 
Overall, C-terminus antibody clone EPR3864 
has been the most widely utilized ERG antibody 
in published studies (Table 9.3). The vascular 
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endothelial cells present ubiquitously in prostate 
biopsy are utilized as internal positive control 
(Fig. 9.3). ERG expression in cancer cell nuclei 
is typically diffuse and strong (Fig. 9.3) [23–25]. 
Heterogeneous staining within the same cancer 
focus is relatively uncommon but heterogeneity 
of staining between different tumor foci of multi-
focal cancer is frequently reported [21, 25].

ERG in the Diagnosis of Limited PCa  
in Prostate Needle Biopsy
Basal cell markers including high-molecular 
weight cytokeratin and p63, and prostate can-
cer marker AMACR (P504S), individually or as 
a part of PIN-4 cocktail, are currently the most 
commonly utilized IHC markers in clinical prac-
tice [32, 33]. AMACR is preferentially overex-
pressed in approximately 80 % of prostate can-
cer detected in prostate biopsies [5, 6, 32, 33]. 
However, its expression is also found in most 
cases of HGPIN, in a significant proportion of 
adenosis, nephrogenic adenoma and partial at-
rophy, and occasionally even in morphologically 
benign prostatic glands [6, 10–12]. Therefore, a 
tumor marker that demonstrates better specific-
ity for prostate cancer and is not expressed in 
noncancerous lesions may complement basal cell 
markers and AMACR and will greatly facilitate 
the identification of limited cancer in prostate bi-
opsies.

Several studies have analyzed the utility of 
ERG immunostain in the work up of limited 
prostate cancer and have consistently found 
high specificity of ERG for prostate cancer de-
tection. The reported frequency of ERG expres-
sion in limited cancer ranges from 40 to 60 % 
[23–25, 27, 29, 34, 35]. ERG expression has 

Table 9.3  Published studies demonstrating the frequency of ERG positivity and sensitivity and specificity of the detec-
tion of underlying ERG gene fusions in prostate carcinoma for two classes of ERG antibody
Type of antibody Source of ERG 

antibody
Frequency of ERG 
positivity (%)

Detection of underlying ERG fusions Study
Sensitivity (%) Specificity (%)

C-terminus (clone 
EPR3864)

Epitomics 44 96 97 Park et al.

N-terminus (CPDR 
ERG-MAb)

Noncommerciala Concordance rate of 82.8 %b Furusato et al.

C-terminus (clone 
EPR3864)

Epitomics 45 86 89 Chaux et al.

C-terminus (clone 
EPR3864)

Epitomics 61 100 85 Leenders et al.

C-terminus (clone 
EPR3864)

Epitomics 33 96 99 Falzarano et al.

C-terminus (clone 
EPR3864)

Epitomics 45 96 99 Braun M et al.

N-terminus (clone 
9FY)

Biocare 45 98 98 Braun M et al.

a The center for Prostatic Disease Research of Walter Reed Army Medical Center and Uniformed Services University 
(Rockville, MD)
b Correlation between mRNA levels of TMPRSS2:ERG type A transcript and ERG protein (35 cases)

Fig. 9.3  An example of limited prostate carcinoma im-
munostained with ERG antibody (× 200). The vascular 
endothelial cells ( asterisk) that are present ubiquitously in 
prostate biopsy demonstrate strong nuclear staining and 
are utilized as an internal control. Cancerous glands dem-
onstrate uniform strong nuclear ERG ( arrow) reactivity. 
Adjacent benign glands are negative for ERG
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been observed in a small proportion of HGPIN 
or benign glands, invariably associated with ad-
jacent prostate cancer [23–25, 34]. Benign le-
sions distant from cancerous glands, including 
simple and partial atrophy, are typically nega-
tive for ERG. Overall, ERG has much higher 
specificity for prostate cancer than AMACR; 
hence, ERG staining in an atypical focus 
(where HGPIN or atypical glands adjacent to 
HGPIN can be excluded) supports a diagnosis 
of cancer, irrespective of AMACR staining. A 
representative example of limited prostate can-
cer stained with ERG antibody is represented 
in Fig. 9.3.

Utility of ERG in Resolving an “Atypical 
Glands Suspicious for Prostate Cancer” 
Diagnosis
Only a few studies have examined the signifi-
cance of ERG in the setting of ATYP [23, 24]. 
We studied 84 ATYP cases using multiplex ERG/
AMACR/high molecular weight cytokeratin/p63 
IHC to determine clinical utility of ERG in re-
solving an ATYP diagnosis [23]. A final diag-
nosis of benign, ATYP and cancer was rendered 
following review of morphology and all mark-
ers in 3, 30, and 51 cases, respectively. Of 51 
cancer diagnoses, 45 and 94 % were positive for 
ERG and AMACR, respectively. Of 30 atypical 
diagnoses, 10 and 67 % were positive for ERG 
and AMACR, respectively. Of three benign di-
agnoses, none and 83 % were positive for ERG 
and AMACR, respectively. All three ERG-pos-
itive atypical cases were classified as “HGPIN 
with adjacent ATYP.” ERG was expressed in 
adjacent noncancer glands of 20 % of prostate 
cancers, while AMACR was expressed in non-
cancer glands in all diagnostic categories in 40 % 
of cases. In ERG-positive ATYP focus, the ex-
pression was predominantly uniform within the 
focus with minimal staining heterogeneity. Over-
all, ERG has a low sensitivity but high specific-
ity for prostate cancer detection. Therefore, ERG 
positivity in small atypical glands where the di-
agnosis of HGPIN is excluded can be utilized to 
establish a definitive cancer diagnosis in the ma-
jority of ATYP cases.

Utility of ERG in Resolving an ATYP 
Diagnosis Beyond that Provided by 
Traditional AMACR and Basal Cell Markers
An important clinical question remains: is a posi-
tive ERG staining used merely to confirm a ma-
lignant diagnosis that could otherwise be estab-
lished based on routine hematoxylin and eosin 
(H&E) histology and traditionally utilized PIN-4 
cocktail antibodies composed of AMACR and 
basal cell markers? Alternatively, could a posi-
tive ERG staining be used to convert an atypical 
diagnosis to cancer in cases that otherwise would 
not be diagnostic of prostate cancer based on 
histology and traditionally utilized AMACR and 
basal cell markers? In our experience addressed 
in the earlier section of utility of ERG in resolv-
ing an “ATYP” diagnosis, traditionally utilized 
AMACR and basal markers were adequate to 
resolve ATYP diagnosis in the vast majority of 
cases [23]. However, owing to the high specific-
ity of ERG for prostate cancer, ERG positivity 
in small atypical glands where the diagnosis of 
HGPIN was excluded helped establish a defini-
tive cancer diagnosis in small proportion of addi-
tional ATYP cases where either morphology and/
or traditional markers were not deemed adequate 
enough to offer a definitive cancer diagnosis. In 
this series, 12/48 (28 %) atypical diagnoses based 
on morphology, AMACR, and basal cell markers 
were changed to cancer after incorporating a pos-
itive ERG staining. These cases were morpho-
logically suspicious for cancer and in all cases 
AMACR was expressed but a definitive diagno-
sis of cancer could not be rendered due to either 
quantitatively or qualitatively less than optimal 
morphology or inconclusive basal cell IHC. A 
positive AMACR staining was not sufficient in 
these cases to make a definitive cancer diagno-
sis as AMACR is also known to be expressed in 
a significant proportion of benign prostate can-
cer mimics. In this study, 67 % of lesions which 
were classified as atypical and 40 % of noncancer 
glands in all diagnostic categories demonstrated 
AMACR expression, indicating that AMACR 
expression is not cancer specific and by itself is 
not sufficient to convert an atypical diagnosis to 
cancer. On the contrary, ERG expression in small 
proportion of benign or HGPIN glands has been 
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predominantly reported in the setting of adjacent 
cancer, therefore ERG positivity in small atypi-
cal glands, where the diagnosis of PINATYP or 
HGPIN is excluded, is virtually diagnostic of 
cancer [23, 24]. An example of “ATYP” (diag-
nosis based on morphology, AMACR, and basal 
cell markers) due to qualitatively less than opti-
mal morphological features converted to cancer 
after incorporating positive ERG staining is rep-
resented in Fig. 9.4a–c.

ERG Expressing HGPIN and ATYP Lesions 
as a Predictive Biomarker of Prostate 
Cancer Risk Stratification in Subsequent 
Prostate Biopsy
Previous FISH-based evaluations of the genomic 
rearrangements associated with prostate cancer 
development have consistently revealed that 
about 20 % of HGPIN lesions in proximity to 
cancer are also positive for ERG rearrangement 
with identical ERG gene fusions. Evaluation of 
ERG oncoprotein expression in whole mount sec-
tions using clone 9FY has revealed a strong con-
cordance between focally ERG-positive HGPIN 
and homogenously ERG-positive prostate cancer 
in 96.5 % of cases [31]. These findings indicate 
a clonal relationship between gene fusion-pos-
itive HGPIN and cancer and thus potential im-
plications for utilization of ERG as a marker for 
prostate cancer risk stratification in patients with 
HGPIN diagnosis. Two studies examined the 
significance of ERG-positive HGPIN for future 

cancer risk stratification and came to contrasting 
conclusions. Gao et al. found that the presence of 
ERG rearrangement in HGPIN lesions detected 
on initial biopsy warrants repeat biopsy [36]. He 
et al., however, did not find the utility of ERG 
to stratify cancer risk associated with HGPIN 
[37]. Patients with initial HGPIN in biopsies and 
at least one follow-up prostate biopsy were in-
cluded and were immunostained for ERG. The 
cancer detection rate was not significantly dif-
ferent between ERG-positive and ERG-negative 
HGPIN cases. The authors concluded that ERG 
expression is distinctly uncommon in isolated 
HGPIN (5.3 %) and positive ERG expression is 
not associated with increased cancer detection in 
subsequent repeat biopsies [37].

A repeat prostate biopsy after 3–6 months is 
recommended for patients with ATYP diagnosis 
due to its high predictive value for cancer de-
tection in repeat biopsy. In a study of follow-up 
biopsies from 103 patients with a preliminary di-
agnosis of ATYP, ERG expression was detected 
in 16 cases (15.5 %). Of these 16 ERG-positive 
cases, the atypical glands were positive for ERG 
in nine [34]. Five of these patients (55.6 %) had 
cancer on repeat biopsies, compared with 42 
of the 87 (48.3 %) with ERG-negative prelimi-
nary biopsies. The authors concluded that ERG 
expression is unlikely to help identify patients 
suitable for subsequent biopsies. Of note, in the 
study the repeat biopsies were not directed to the 
ERG-positive ATYP sites. Overall, additional 

Fig. 9.4  An example of “atypical glands suspicious for 
cancer” (diagnosis based on morphology, AMACR, and 
basal cell markers) due to qualitatively less than optimal 
morphological features converted to cancer after incor-
porating positive ERG staining. The atypical glands are 
partially atrophic, lack obvious infiltrative architecture 

(a, × 200) and prominent atypia at higher magnification  
(b, × 400) required to render a definitive cancer diagnosis 
despite lack of basal cell staining and AMACR expres-
sion. The presence of strong diffuse nuclear ERG staining 
in atypical glands as demonstrated by PIN4-ERG multi-
plex stains supports the cancer diagnosis.
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biopsy studies assessing ERG-positive HGPIN 
and ATYP lesions are needed to evaluate more 
thoroughly the utility of measuring ERG expres-
sion as prostate cancer risk stratification in subse-
quent biopsies in patients with HGPIN or ATYP.

Utility of ERG in the Workup of Atypical 
Cribriform Lesions on Prostate Needle 
Biopsy
Atypical cribriform lesions of the prostate gland 
are defined as cribriform or rarely solid prostate 
glands populated by cytologically malignant cells 
with preservation of basal cells. It may represent 
cribriform HGPIN or intraductal carcinoma of the 
prostate (IDC-P) [38]. IDC-P is almost always 
associated with high-grade and high-volume in-
vasive carcinoma. On the other hand, cribriform 
HGPIN is a putative neoplastic precursor lesion; 
recent studies have shown that the significance of 
HGPIN as a predictive marker of cancer has re-
duced significantly in the range of 25 % [39, 40]. 
The diagnosis of focal HGPIN, defined by < 2 
cores involvement, currently does not mandate 
a repeat biopsy within the first year of diagnosis 
[39]. In contrast, prostate cancer with associated 
IDC-P component has a significantly worse prog-
nosis than cancer without IDC-P [40]. Therefore, 
the distinction of cribriform PIN from IDC-P is of 
paramount importance due to its widely differing 
clinical significance. In a study evaluating ERG 
gene fusions in a subset of cribriform HGPIN 
(noncancer-associated atypical cribriform le-
sions) and IDC-P lesions (cancer-associated atyp-
ical cribriform lesions) in totally embedded radi-
cal prostatectomy specimens, isolated cribriform 
HGPIN lesions consistently lacked ERG gene re-
arrangements, while IDC-P lesions regardless of 
their morphologic spectrum were highly enriched 
in these gene fusions [38]. ERG gene rearrange-
ments were observed in up to 75 % of IDC-P. 
Therefore, all cancer-associated atypical cribri-
form lesions essentially represent an intraductal 
spread of prostate cancer, and ERG IHC has po-
tential utility in stratification of an atypical crib-
riform lesion encountered in prostate biopsy. Es-
sentially all ERG expressing atypical cribriform 
lesions, especially when associated with adjacent 
prostate cancer represent examples of IDC-P.

Utility of ERG IHC in the Evaluation of 
Metastatic Tumor of Unknown Origin
ERG is known to be expressed in endothelial 
cells, and oncogenic ERG gene fusions occur in 
subsets of prostatic carcinoma, acute myeloid leu-
kemia, and Ewing sarcoma [41, 42]. In vascular 
tumors, ERG oncoprotein is expressed in a broad 
range of tumors including hemangiomas, lymph-
angiomas, angiosarcomas, epithelioid hemangio-
endotheliomas, and Kaposi sarcomas. Among 
nonvascular mesenchymal tumors, Ewing sar-
coma and blastic extramedullary myeloid tumors 
express ERG. Among epithelial tumors, diffuse 
ERG expression is largely restricted to prostatic 
adenocarcinomas. Rare other carcinomas and ep-
ithelial tumors that may demonstrate focal ERG 
expression include large cell undifferentiated 
pulmonary carcinomas, mesotheliomas, thymo-
mas, squamous cell carcinomas of the skin and 
lung, carcinosarcomas of the uterus, gastrointes-
tinal stromal tumors, hepatocellular carcinomas, 
teratomas of the testis, anaplastic carcinomas 
of the thyroid, giant cell tumors of the tendon 
sheath, and benign fibrous histiocytomas of the 
skin [43]. Overall, ERG has a very narrow bio-
logical role in highly selected tissues and among 
epithelial tumors in appropriate clinical setting, 
strong and diffuse ERG expression would essen-
tially support the diagnosis of prostate carcinoma 
[25]. Similarly, in the setting of small cell carci-
noma of unknown origin, ERG positivity would 
support the prostatic origin of small cell carci-
noma [44, 45].

Limitations of ERG IHC as Diagnostic 
Biomarker
Despite several promising clinical applications, 
ERG has several important limitations as a di-
agnostic prostate cancer biomarker that needs to 
be addressed. While positive ERG establishes a 
diagnosis of prostate cancer in the majority of 
cases, negative ERG expression offers no value 
in the work up of atypical cases as ERG overall 
has a low sensitivity for prostate cancer detection 
[23]. In addition, ERG expression should be in-
terpreted with caution if the small atypical glands 
are either intermingled or closely associated with 
HGPIN glands (PINATYP) [23, 24]. As ERG is 
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expressed in small proportion of HGPIN glands, a 
diagnosis of HGPIN or PINATYP cannot be ruled 
out with certainty in such cases. Whether ERG 
protein expression in such situations is a marker 
of unsampled adjacent cancer still remains to be 
addressed. Similarly, inter-focal tumor heteroge-
neity for ERG expression observed within multi-
focal prostate cancer may also potentially affect 
the utilization of ERG as a diagnostic, prognostic, 
or predictive prostate cancer biomarker.

A summary of biology, clinical applications, 
and pitfalls of ERG oncoprotein is summarized 
in Table 9.4.

Glutathione s-Transferase π 1
Biology

Glutathione s-transferase π 1 ( GSTP1) gene 
methylation is the most common epigenetic 
change in prostate cancer [46]. Methylation si-
lences the gene depriving normal cells of pro-
tection against damage by oxidation and elec-
trophilic substances and subsequent malignant 
transformation [46]. GSTP1 expression is rarely 
detected in prostate cancers. Methylation of the 
GSTP1 gene is present in PIN and cancer but not 
in benign glands.

Clinical Applications
Using methylation-specific polymerase chain re-
action (PCR) assay, detection of the methylated 
GSTP1 promoter region is utilized as a tissue-
based diagnostic marker to differentiate PIN 
and cancer from benign prostate tissue includ-
ing BPH. Absent or decreased GSTP1 activity in 
cancerous tissue has been suggested as a poten-
tial prognostic marker [47].

Urine-Based Molecular Markers  
of Diagnosis

Prostate Cancer Antigen-3

Biology

First identified in 1999, initially known as DD3 
gene and later called prostate cancer antigen-3 
( PCA3), is overexpressed in more than 95 % of 
all prostate cancers with high prostate specificity. 
The PCA3 gene is located at 9q21–22, and en-
codes a nontranslational transcript [48–50]. PCA3 
assays have been developed using ribonucleic 
acid (RNA) detection methods since no protein 
products have been detected from PCA3 RNA.

Table 9.4  ERG protein
Genetics
ERG is a member of the ETS gene family, which is commonly (~ 50 %) involved by chromosomal translocation in 
prostate cancer
Fusions between TMRSS2 and ERG represent the most common molecular subtype accounting for ~ 90 % of ETS 
gene fusions
Staining pattern
Nuclear staining
ERG immunostaining correlates highly with ERG gene alteration
Endothelial cells are strongly positive for ERG and serve as the positive internal control
Clinical utility
In small atypical glands where the diagnosis of HGPIN is ruled out, positive staining supports the cancer diagnosis
In small proportion of cases, positive ERG may help convert an ATYP diagnosis to cancer
ERG expression in atypical cribriform lesion (containing basal cells) supports the diagnosis of intraductal carcinoma 
of the prostate, specifically when associated with adjacent invasive carcinoma
Diffuse ERG expression in metastatic carcinoma of unknown origin supports the prostatic origin of carcinoma
Measurement of ERG overexpression in conjunction with PTEN loss may improve prostate cancer risk stratification
Pitfalls
Low sensitivity for prostate cancer detection; positive in 40–50 % of prostate carcinomas
Positive in 20 % of HGPIN that intermingles with prostate carcinoma
ERG expression may demonstrate frequent inter-focal tumor heterogeneity

HGPIN high-grade prostatic intraepithelial neoplasia, ATYP atypical glands suspicious for cancer
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Clinical Applications
Urinary test, to detect PCA3, is performed fol-
lowing thorough digital rectal examination (with 
three strokes on each lobe). In the first voided 
urine sample, PCA3 and PSA RNAs are selected, 
amplified by transcription-mediated amplifica-
tion and detected by hybridization protection 
assay. PCA3 score is calculated as PCA3/PSA 
ratio multiplied by 1000. The test is considered 
positive when the PCA3/PSA ratio is equal to 
or greater than 35. Clinical studies have demon-
strated the sensitivity of the PCA3 test (range: 
54–82 %) to be less than serum PSA, whereas the 
specificity of PCA3 (66–89 %) to be better. The 
positive predictive values (48–75 %) and nega-
tive predictive values (74–90 %) for PCA3 are 
also better than for PSA. The accuracy of the uri-
nary PCA3 test ranges from 66 to 84 % [51]. Pa-
tient’s age, inflammation, trauma, 5 α-reductase 
inhibitor use, or prostate volume do not signifi-
cantly influence the test [52].

PCA3 test has been FDA approved for its abili-
ty to predict cancer in patients with increased PSA 
and negative biopsy (Fig. 9.5). Additionally, it has 
also shown utility in refining prostate cancer risk 
in men undergoing initial prostate biopsy (most 
commonly due to elevated serum PSA) [53].

Patients with atypical small acinar prolifera-
tion and high-grade prostatic intraepithelial neo-
plasm have a higher mean PCA3 score as com-
pared to patients with noncancerous prostate. The 
mean score, however, is significantly lower than 
for patients with a definitive diagnosis of prostate 
cancer [51].

There have been conflicting reports regarding 
the usefulness of PCA3 in active surveillance of 
prostate cancer and is undergoing further evalu-
ation. A recent study incorporated PCA3 in the 
management of prostate cancer. PCA3 score 
combined with traditional tools may aid in iden-
tifying men with clinically insignificant disease 
who would be candidates for active surveillance. 
A low PCA3 score (of 20) may have the highest 
utility for selecting men with clinically insignifi-
cant prostate cancer in whom active surveillance 
may be appropriate; a higher PCA3 score (of 50) 
may be useful to identify men at higher risk of 
harboring significant prostate cancer who would 
be candidates for radical prostatectomy [53].

Pitfalls
Issues arise in regard to the cutoff of PCA3 score 
used to determine a positive test since specific-
ity decreases with a lower PCA3 score. A low 

Men 50-70 years–DRE and Initial PSA

Elevated PSA

Prostate Biopsy

Negative Positive

PCA3≥ 35

Repeat biospy

Treatment

PositiveNegative

PCA3<35Monitor

Fig. 9.5  Flow chart demonstrating current clinical applications of urine PCA3 test. PSA prostate-specific antigen, DRE 
Digital rectal examination
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PCA3 test does not exclude a cancer diagnosis 
[52]. PCA3 test by itself may ignore the hetero-
geneity of prostate cancer development; hence, 
the preferred approach may be the use of a panel 
of biomarkers [54]. PCA3 represents a promising 
screening biomarker that may require to be used 
with other biomarkers for screening, given that 
a low PCA3 score does not exclude cancer [52].

A summary of biology, clinical applications, 
and pitfalls of PCA3 is summarized in Table 9.5.

Measurement of PCA3 Multiplexed with 
TMPRSS2:ERG Fusion Genes Transcript 
(T2-ERG + PCA3)
Biology

Recurrent gene fusions involving the E26 trans-
formation-specific ( ETS) family of transcription 
factors ERG, ETV1, ETV4, and ETV5, fused to 
androgen-regulated TMPRSS2 and other 5′ part-
ner genes, have been identified in approximately 
50 % of prostate cancers [13, 18, 19, 55–59]. 
TMPRSS2-ERG gene fusions represent the most 
specific prostate cancer biomarker reported, 
with FISH- and IHC-based studies reporting 
more than 99.99 % specificity for prostate cancer 
[31, 60, 61]. Similar to PCA3, TMPRSS2-ERG 

fusion gene transcripts can be detected in urine 
after digital rectal examination [62]. Addition of 
TMPRSS2-ERG fusion transcripts in PCA3 assay 
improves the overall accuracy of the test [63, 64].

Clinical Applications
TMPRSS2-ERG expression in urine has been 
quantified using reverse transcriptase PCR and 
transcription-mediated amplification assays [54, 
63, 64]. Detection of TMPRRS2-ERG in urine 
has greater than 90 % specificity and 94 % posi-
tive predictive value for prostate cancer detec-
tion [63]. A negative biopsy with a positive TM-
PRSS2-ERG test would indicate an unsampled 
cancer in the patient, since ETS gene rearrange-
ments have not been reported in benign prostate 
tissue [20, 60, 65]. Such a scenario highlights 
the possible utility of TMPRSS2-ERG fusion 
status in identifying a subgroup of patients that 
need to be followed up more closely for possi-
ble repeat biopsy, despite their negative prostate 
biopsy result [54, 65]. TMPRSS2-ERG score in 
urine is associated with the presence of cancer, 
tumor volume and clinically significant cancer in 
prostatectomy, and biopsy specimens [66]. ERG 
fusion status also may help predict the outcome 
of hormone therapy. Recent study demonstrated 

Table 9.5  PCA3
Genetics
PCA3 gene is located on 9q21–22
Overexpressed in > 95 % prostate cancers
Encodes nontranslational transcript, hence assays developed using RNA detection methods
Assay: urinary test
Performed on first voided urine sample following thorough digital rectal examination (three strokes on each lobe)
PCA3 and PSA RNAs are selected, amplified by transcription-mediated amplification, and detected by hybridization 
protection assay
PCA3 score = PCA3/PSA × 1000
Positive score ≥ 35
Clinical utility
FDA approved for its utility in patients with increased PSA and negative biopsy
Patients with atypical acinar proliferation and high-grade prostatic intraepithelial neoplasm have higher PCA3 score 
as compared to patients with noncancerous prostate
PCA3 in combination with clinical tools may identify patients with clinically insignificant disease, who could be 
active surveillance candidates. A low PCA3 score may identify men with clinically insignificant disease; while a 
high PCA3 score may identify patients with significant prostate cancer
Pitfalls
A low PCA3 score does not rule out prostate cancer
Issues arise in the cutoff of PCA3 score, specificity decreases with a lower PCA3 score

PSA prostate-specific antigen
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ERG fusion-positive patients to be more recep-
tive to adjuvant androgen-deprivation therapy 
[67]. Given the high specificity for prostate can-
cer, in the future, specific therapeutic solutions 
for TMPRSS2-ERG-positive men may be ex-
pected [66]. Hence, urinary ERG test would help 
in identifying the subgroup of ERG-positive men 
who would benefit from such therapy.

There are issues related to urine TMPRSS2-
ERG test including the lower frequency of fusion 
in some populations, lowering screening sensi-
tivity, and the identification of a cut-off that is 
applicable to all patient populations [52]. The re-
ported sensitivity is 23.5 % [54]. Multiple studies 
have attempted to combine TMPRSS2-ERG gene 
fusions with PCA3 for early detection of prostate 
cancer [54, 63, 64]. Combining TPRSS2-ERG 
with PCA3 has a reported sensitivity of 73 % 
[63]. The addition of TMPRSS2-ERG to PCA3 
would add significant value in the prediction of 
biopsy Gleason score, clinical tumor stage, and 
extraprostatic extension in radical prostatectomy 
specimen [66]. The combination of both these 
markers could be of value for men who have 
persistently elevated serum PSA and a history 
of negative prostate biopsies. Furthermore, both 
tests combined could give a better indication to 
which patient would need to be re-biopsied and 
as such, could aid the diagnosis of prostate can-
cer as a reflex test to serum PSA [51].

Multiplex T2-ERG + PCA3 +  SPINK1 + 
GOLPH2
GOLPH2 is a Golgi apparatus-associated pro-
tein coded by the gene GOLM1 on chromo-
some 9q21.33. It was originally cloned from a 
library derived from liver tissue of a patient with 
adult giant cell hepatitis. The function and the 
mechanisms of GOLPH2 regulation in normal 
and neoplastic tissues are still unclear. It can 
be generally assumed that it is either involved 
in posttranslational protein modification, trans-
port of secretory proteins, cell signaling regula-
tion, or simply maintenance of Golgi apparatus 
functions. More recently, GOLPH2 was found in 
the serum of patients with hepatocellular carci-
noma, compared with normal individuals. Fur-
thermore, it was found to be strongly expressed 

in adenocarcinoma of colorectum, breast, and 
prostate [68].

Laxman et al. recently explored a multiplexed 
qPCR urine-based diagnostic assay for pros-
tate cancer utilizing GOLPH2, serine peptidase 
inhibitor, Kazal type 1 (SPINK1), TMPRSS2-
ERG, and PCA3 and determined that multiplex-
ing biomarkers for cancer detection improves 
testing characteristics over single biomarker. 
This technique advances the sensitivity of urine-
based tests, without sacrificing specificity. In the 
study, transcript expression levels of GOLPH2, 
SPINK1, PCA3, and TMPRSS2-ERG gene fusion 
significantly predicted prostate cancer. Sensitiv-
ity and specificity of the four-marker model for 
prostate cancer was 65.9  and 76.0 %, respective-
ly. Positive and negative predictive values were 
79.8  and 60.8 % respectively. SPINK1 expres-
sion in urine samples was higher in TMPRSS2-
ERG-negative compared with TMPRSS2-ERG-
positive samples, corresponding with the mutual 
exclusivity of SPINK1 expression and ETS fu-
sions. Multiplexed urine assay, for patients pre-
senting for prostate biopsy or prostatectomy, out-
performed serum PSA or PCA3 alone [69].

Molecular Markers of Prognosis  
in Prostate Cancer

Biology of PTEN Deletion

PTEN (phosphatase and tensin homolog) on 
chromosome 10q23 is a key tumor-suppressor 
gene that is often deleted or inactivated in pros-
tate cancer [70]. PTEN is a caretaker gene that 
is involved in the regulation of DNA repair, ge-
nomic instability, stem cell self-renewal, cellular 
senescence, and cell migration. Loss of PTEN 
function results in increased PIP3 (phosphati-
dylinositol (3,4,5)-triphosphate) levels and sub-
sequent AKT phosphorylation and modulation of 
its downstream molecular oncogenic processes. 
Work over the last decade has firmly established 
that loss of PTEN is one of the most common so-
matic genetic aberrations in prostate cancer and 
is frequently associated with high-risk prostate 
cancer disease [70–78]. A series of in vivo studies 
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have also demonstrated critical role of PTEN in 
prostate carcinogenesis.

Genomic deletions are the most common 
method for PTEN inactivation. Heterozygous 
(loss of one allele) deletions far outnumber 
homozygous (loss of both alleles) deletions 
(Fig. 9.6 a, b). Clinically, deletion or mutation of 
at least one PTEN allele was reported to occur 
in 20–40 % of localized cancers and up to 60 % 
of metastases [70]. Other uncommon and less 
characterized mechanisms of PTEN inactivation 
include mutation and epigenetic modifications 
such as methylation [79]. To date, the relative 
frequency of PTEN inactivation by mechanisms 
other than genomic deletion in clinical prostate 
cancer specimens remain unclear.

Measurement of Loss of PTEN by IHC
Recent studies have suggested that alternative 
mechanisms of PTEN inactivation or posttran-
scriptional down regulation may also play an 
important role in prostate cancer [72, 79]. There-
fore, it is likely that PTEN FISH analysis may 
fail to detect some cases of prostate cancer with 
PTEN inactivation and an additional or alter-
native assay such as analysis of PTEN loss by 

IHC could detect additional cases where PTEN 
inactivation occurs by mechanisms other than 
genomic deletions. Lotan et al. utilized a rabbit 
monoclonal antibody and found that the antibody 
performed much more reliably than older clones 
or polyclonal antibodies [72]. They found that 
PTEN IHC is highly sensitive for the detection 
of PTEN genomic loss, detecting nearly 80 % of 
cases with loss by FISH and more than 80 % of 
cases with loss by high-resolution single nucleo-
tide polymorphism (SNP) array [72]. Interest-
ingly, 45 and 37 % of tumors with PTEN protein 
loss did not show genomic deletions detected by 
FISH or high-resolution SNP microarray, respec-
tively. We reported a detection of 52 % of cases 
with PTEN loss by FISH using IHC if only cases 
with 0 + immunostaining were considered to be 
true negative. In this study, 35 % of their PTEN 
protein-negative cases did not show genomic de-
letions by FISH [70].

These results suggest that PTEN evaluation 
by IHC may provide additional benefit or supple-
ment genomic analysis by picking up more cases 
of PTEN inactivation, which may be missed by 
FISH-only assay. An example of PCa showing 
loss of PTEN is represented in Fig. 9.7.

Fig. 9.6  a and b Prostate cancer cells demonstrate ho-
mozygous PTEN deletion with loss of both PTEN sig-
nals ( red). Green signal indicates retained chromosome 
ten control probe (a). Adjacent benign prostatic tissue 
from same patient demonstrates retention of both copies 

of PTEN signal ( red) and two copies of chromosome 
ten control probe ( green, b). (b: Courtesy of Nallasivam 
Palanisamy, PhD, Michigan Center for Translational Pa-
thology, University of Michigan)
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Loss of PTEN and Prostate Cancer 
Outcomes
The majority of studies utilizing FISH or immu-
nohistochemical methods have demonstrated that 
PTEN genomic deletion and absence of PTEN 
expression are frequently associated with unfa-
vorable clinical outcome measures. Several stud-
ies have demonstrated that PTEN inactivation is 
an independent prognostic variable at multivari-
able analysis that is associated with a variety of 
different adverse pathologic outcomes including 
metastasis and disease-specific death [77, 79–81]. 
Both heterozygous (loss of one allele) and homo-
zygous (loss of both alleles) PTEN deletions have 
been variably associated with poor prostate can-
cer outcomes; however, the association is stron-
gest and consistent for homozygous PTEN loss. 
Other studies have demonstrated an association 
between decreased PTEN protein expression and 
higher Gleason grade and advanced tumor stage 
[74]. Recent studies also showed that PTEN inac-
tivation plays an important role in prostate cancer 
during progression to androgen independence 
and development of metastasis [75, 82].

TMPRSS2:ERG Gene Fusions  
as a Prognostic PCa Biomarker

The prognostic association of ERG alterations 
remains uncertain in prostate cancer. Numerous 

genomic studies have examined the association 
of ERG and prostate cancer outcomes and have 
found variable results. Several studies have found 
independent association with poor outcomes in-
cluding cancer-specific death [16, 83–85], while 
some studies have found no association [86], and 
paradoxically one study has shown association of 
ERG gene fusions and favorable outcomes [87]. 
Certain mechanisms of ERG rearrangement have 
shown to be more consistently associated with 
poor outcomes. We reported deletion as an ex-
clusive mechanism of ERG rearrangement in pa-
tients who died of hormone refractory metastatic 
prostate cancer [22]. Deletion of the intermediate 
region between TMPRSS2 and ERG combined 
with duplication of the TMPRSS2:ERG fusion 
sequences are predictive of poor cancer-specific 
survival, an observation supported by several 
studies [22, 83].

The studies analyzing ERG oncoprotein and 
prostate cancer outcomes have also not found 
consistent evidence of prognostic association 
[88–90]. It is important to note, however, that 
to study prognostic associations in prostate can-
cer, use of ERG antibody may not be an optimal 
approach, as ERG expression does not stratify 
underlying mechanisms of ERG rearrangements 
in prostate cancer. Notably, as explained in the 
earlier section, several studies have demonstrat-
ed poor outcomes when ERG rearrangements 
occur through deletion or deleted and amplified 
(EDel2 +) mechanisms.

Combined Measurement of PTEN Loss 
and ERG Overexpression as Prognostic 
Biomarker

PTEN loss and ETS gene rearrangements are 
the most common molecular events in prostate 
carcinogenesis and are proposed to be critically 
important. In particular, there is a strong rela-
tionship between the two events in clinical and 
mouse models demonstrating cooperation [70]. 
PTEN deletion appears to be a late genetic event 
in human prostate cancer, presumably a “second 
hit” after ERG rearrangement. Several studies 
have analyzed the effect of PTEN loss on pros-
tate cancer survival and its relationship to the 

Fig. 9.7  An example of prostate cancer demonstrating 
loss of PTEN immunostaining in cancer cells. Adjacent 
benign glands and stromal cells demonstrate strong cyto-
plasmic staining, serving as internal positive control
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ETS rearrangements. Reid et al. identified three 
molecular prognostic groups. PTEN gene loss 
with no ERG/ETV1 rearrangement identified a 
poor prognosis group [91]. In this cohort, 21 % 
of patients had Gleason score < 7, supporting 
that molecular reclassification of prostate can-
cer may be relevant. ERG/ETV1 gene rearranged 
tumors with and without PTEN loss formed two 
intermediate prognostic groups. No ERG/ETV1 
gene rearrangement and no PTEN loss identi-
fied a good prognosis group. Yoshimoto et al. 
also proposed three molecular groups: poor ge-
nomic grade for prostate cancer with both PTEN 
deletion and ERG fusion, intermediate grade 
when either PTEN deletion or ERG fusion, and 
favorable grade when neither rearrangements 
present [81].

In conclusion, characterization of PTEN, 
ERG, and ETV1 gene status might be used in 
future to determine the risk of prostate cancer 
death. This has implications both for poten-
tially deciding which patients should be con-
servatively or aggressively treated and also for 
risk stratification of patients in clinical trials. 
A summary of biology, significance, clinical 
applications, and pitfalls of determination of 
PTEN loss in prostate cancer is summarized in 
Table 9.6.

SPINK1

Biology

ETS gene fusions are present in only ~ 50 % of 
the cases, leaving nearly 50 % of the remaining 
cases where the driving genetic aberration is 
largely unknown. Recently identified, SPINK1 
is overexpressed in a subset of prostate cancers 
(10 %) that are ETS-rearrangement negative [92]. 
SPINK1 mRNA is normally found in pancreas as 
well as in a number of cancers [93–99]. It en-
codes a peptide that protects pancreas from auto 
digestion, by preventing premature activation of 
pancreatic proteases [100]. Prostate gland, like 
pancreas, also secretes a number of proteases, 
notably the kallikrien enzyme PSA, but also the 
trypsin, the expression of which is increased in 
prostate cancer [101]. SPINK1 expression may 
have a role in modulating the activity of cancer-
related proteases.

Clinical Applications
Expression of SPINK1 has been correlated with 
aggressive disease [92]. In a subsequent study, 
it was reported that SPINK1 mediates its neo-
plastic effects in part through interactions with 
the epidermal growth factor receptor (EGFR). 

Table 9.6  PTEN
Genetics
PTEN (phosphatase and tensin homolog) on chromosome 10q23 is a key tumor-suppressor gene that is often deleted 
or inactivated in prostate cancer. PTEN is a caretaker gene that is involved in the regulation of DNA repair, genomic 
instability, stem cell self-renewal, cellular senescence, and cell migration
Clinically, deletion or mutation of at least one PTEN allele occurs in 20–40 % of localized cancers and up to 60 % of 
metastases
Staining pattern
Cytoplasmic staining in prostate cancer cells is considered intact PTEN; complete or partial loss of PTEN staining is 
considered loss of PTEN
Loss of PTEN staining in prostate cancer cells correlates with PTEN inactivation or deletion as measured by FISH 
and SNP array
Adjacent benign glands and stromal cells staining serve as the positive internal control
Clinical utility
Several studies have demonstrated that PTEN inactivation or PTEN loss is an independent prognostic variable at 
multivariable analysis that is associated with variety of different adverse pathologic outcomes including Gleason 
grade, pathologic stage, metastasis, and disease-specific death
PTEN loss in atypical cribriform lesion (containing basal cells) supports the diagnosis of intraductal carcinoma of 
the prostate over high grade prostatic intraepithelial neoplasia (HGPIN)
Pitfalls
Measurement of PTEN loss may be affected by both inter and intra-focal tumor heterogeneity

DNA deoxyribonucleic acid, FISH fluorescent in situ hybridization, SNP single nucleotide polymorphism
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Antibodies to both EGFR and SPINK1 block 
the growth of SPINK1 + /ETS− tumors more 
than either antibody alone and do not affect 
ETS− tumors, thus suggesting a potential thera-
peutic avenue for a subset of prostate cancers 
with SPINK1 overexpression [102]. The iden-
tification of SPINK1 in prostate cancer may, 
hence, have dual function in detecting patients 
with more aggressive outcome and in identify-
ing patients who may benefit from emerging 
therapeutics. SPINK1 can be detected in tissue 
samples by IHC as well as quantitative PCR and 
similarly in urine by quantitative PCR follow-
ing RNA amplification [92]. SPINK1 has been 
used as one of the markers in multiplexing study 
to detect prostate cancer [69]. Urine being eas-
ily available and noninvasive would be a simple 
way to recognize patients with aggressive cancer 
and direct them towards targeted therapy.

Enhancer of Zeste Homolog 2

Biology

Enhancer of zeste homolog 2 (EZH2) is a compo-
nent of polycomb repressive complex 2 (PRC2) 
along with embryonic ectoderm development 
(EED) and suppressor of zeste 12 (SUZ12). 
PRC2 complex is postulated to control gene 
expression during proliferation of normal cells. 
Dysregulation of components of the PRC2 com-
plex, such as EZH2, has a significant impact on 
the expression of cell-cycle regulatory genes 
[103, 104]. MicroRNA 101 negatively regulates 
EZH2 expression and concurrently attenuates the 
invasion ability of prostate cancer cells, which 
can be rescued by ectopically expressed EZH2. 
Deletions of microRNA 101 have been described 
in prostate cancer, thus providing a mechanism 
for EZH2 overexpression. Restoring microRNA 

101 may, hence, be an effective approach for 
treatment [105, 106].

Clinical Applications
EZH2 may be a potential biomarker which 
could provide valuable prognostic information. 
Polycomb group protein enhancer of zeste ho-
molog 2 (EZH2) is overexpressed in hormone-
refractory, metastatic prostate cancer and other 
aggressive cancers. Its expression status is pre-
dictive of disease progression, poor prognosis, 
and treatment outcome [107]. Similarly, it has 
been proposed that development of EZH2 inhib-
itors may be antiangiogenic and antimetastatic 
[108].

Summary

New genomic and bioinformatics technologies 
have enabled us to discover and study an ex-
panding universe of novel tissue-, urine-, or body 
fluid-based biomarkers. Despite great promise 
and extensive research, very few biomarkers 
have come into routine clinical practice. Lack of 
vigorous prospective-blinded studies to validate 
biomarkers is one of the important reasons for 
poor clinical acceptance. In addition, biomark-
ers development and validation are affected by 
many compounding factors, including specimen 
collection and assay platforms. A summary of 
potential clinical applications of proposed bio-
markers in clinical practice is summarized in 
Fig. 9.8.
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Introduction

The widespread use of prostate-specific antigen 
(PSA) testing and screening has led to a marked 
increase in the diagnosis and treatment of early 
localized prostate cancer. Clinically organ-con-
fined disease can be treated by external beam 
radiotherapy, brachytherapy, or radical prostatec-
tomy (conventional open or robot-assisted lapa-
roscopic surgery). Long-term outcomes for these 
treatment modalities are comparable, and the 
choice of treatment is dependent on a variety of 
clinical and pathologic factors as well as patient 
preference. Patients to whom radical prostatec-
tomy, mostly nerve-sparing surgery, either unilat-
eral or bilateral, are offered should be carefully 
selected to ensure complete surgical resection of 
tumor and minimize postoperative urine inconti-
nence and erectile dysfunction.

Due to the advancement of surgical and im-
aging techniques over the last few decades, 
anatomical planes of dissection are predictable 
during radical prostatectomy, and their altera-
tion prompts suspicion of extra-prostatic disease. 
However, obtaining a negative apical margin re-
mains challenging for the surgeon because: (1) 
there is no clear tissue plane that defines the 

apex and benign prostatic tissue, which is often 
admixed with skeletal muscle bundles; and (2) 
the apical area is anatomically compact so that 
good surgical technique is needed to completely 
resect prostatic tissue while preserving adequate 
sphincter function and minimizing the risk of 
postsurgical incontinence.

Common Indications  
for Intraoperative Consultation

• The status of surgical margins at the apex, 
bladder neck, and lateral area/neurovascular 
bundle during radical prostatectomy

• Histopathologic diagnosis of lymph nodes 
during radical prostatectomy

Assessment of Surgical Margins 
During Radical Prostatectomy

The goal of radical prostatectomy is to resect 
the entire cancerous prostate with clear surgical 
margins. Careful clinical staging and application 
of recently developed preoperative nomograms 
[1] can predict the final pathologic stage fairly 
well. Most of prostatectomies for organ-confined 
disease can thus be performed without recourse 
to intraoperative assessment of surgical margins. 
However, positive surgical margins are not un-
commonly (e.g., 11–38 % [2, 3]) seen in radical 
prostatectomy specimens, mainly due to unex-
pected extension of the tumor.

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_10,
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Various studies have evaluated the utility of 
intraoperative frozen section assessment (FSA) 
of surgical margins during radical prostatecto-
my [4]. In a recent study by one of the authors 
comparing cases with ( n = 1128) versus without 
( n = 1480) intraoperative consultation, use of FSA 
did not dramatically change the overall surgical 
margin status of radical prostatectomy (final sur-
gical margin positivity 9.7 vs. 11.0 %, P = 0.264) 
[3]. However, it was noteworthy that FSA during 
prostatectomy was useful in a select group of pa-
tients (biopsy Gleason score of 7 or higher; 10.1 
vs. 15.3 %, P = 0.012) and at a specific site (distal 
urethra/apex; 7.5 vs. 11.0 %, P = 0.035).

With the current approaches to radical prosta-
tectomy, virtually all the specimens submitted for 
FSA are small biopsies, and the pathologist is rare-
ly summoned to sample margins from the entire 
prostatectomy specimen. The biopsied specimens 
are usually unoriented and should be embedded in 
its entirety. The presence of carcinoma anywhere 
in the specimen should be considered a positive 
margin. The three most common sites for FSA are:

• Apex: If carcinoma is identified in the speci-
men, additional apical tissue will be excised 
until a negative FSA is obtained. One of the 
pitfalls in the diagnosis of apical biopsies is 
that benign prostatic glands are intimately 
associated with skeletal muscle fibers in this 
location, and the mere presence of the glands 
“infiltrating” skeletal muscle should not be 
mistaken for carcinoma (Fig. 10.1).

• Bladder neck: The specimen submitted for 
FSA is usually larger than biopsies from other 
locations, often in excess of 1 cm. It should 
be sectioned, if necessary, and submitted 
entirely for FSA. These biopsies usually con-
sist of more prominent smooth muscle fibers, 
occasionally with benign prostatic epithelium, 
and their diagnosis is often straightforward 
(Figs. 10.2 and 10.3).

• Lateral area: When a nerve-sparing proce-
dure is planned, the surgeon may submit a 
biopsy from the area of the neurovascular 
bundle. The presence of carcinoma in the 

Fig. 10.3  Frozen section of a surgical margin showing 
fibromuscular tissue with small atypical glands highly 
suspicious for prostatic carcinoma. Original magnifica-
tion × 100

 

Fig. 10.2  Frozen section of bladder neck tissue showing 
small malignant glands dissecting smooth muscle bundles 
in a haphazard infiltrative fashion, although the cytologic 
details are obscured by cautery and frozen artifacts. Origi-
nal magnification × 40

 

Fig. 10.1  Benign glands “infiltrating” skeletal muscle at 
the apex. Original magnification × 100
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biopsy will result in abandonment of nerve 
sparing on that side. The biopsy is usu-
ally quite small and multiple levels should 
be prepared because cautery artifact may 
complicate the interpretation (Fig. 10.4). 
An additional pitfall is that cauterized nests 
of nerve and ganglion cells that may have 
prominent nucleoli similar to those seen 
in prostate cancer cells should not be mis-
taken for carcinoma with perineural invasion 
(Fig. 10.5).

Assessment of Pelvic Lymph Nodes 
During Radical Prostatectomy

Lymph node dissection is potentially therapeutic 
when performed with prostatectomy, while nodal 
metastasis implies disseminated carcinoma and is 
classically a contraindication for radical surgery. 
However, an apparent stage migration has been 
reported in recent years resulting in a significant 
decrease in the rate of nodal metastasis in men 
undergoing radical prostatectomy [5]. A number 
of nomograms that combine preoperative vari-
ables, including serum PSA level, clinical tumor 
stage, biopsy findings (e.g., Gleason score, num-
ber of positive cores, percentage of cancer in pos-
itive cores), and others (e.g., age, digital rectal 
examination finding, prostate volume) have been 
developed to predict pathologic stage and/or the 
risk of lymph node metastasis [1]. Because the 
chance of nodal metastasis is minimal in patients 
with a low or intermediate risk [6], routine FSA 
of the lymph nodes during radical prostatectomy 
may be unnecessary. In contrast, nodal dissection 
is often performed in high-risk patients. When 
FSA of lymph node is requested, it is critical to 
avoid false positive diagnosis because positive 
nodal metastasis identified by FSA may be used 
by surgeon in making the decision of aborting the 
radical prostatectomy procedure [7].

The choice of FSA versus macroscopic exami-
nation only can be best determined cooperatively 
by the surgeon and pathologist. All lymph nodes 
should be identified from the submitted specimen 
and carefully examined with serial sectioning in 
3–4 mm intervals. In patients with clinically low-
risk of nodal metastasis, macroscopic examina-
tion may suffice. However, any areas grossly 
suspicious for metastatic carcinoma should be 
submitted for FSA. In high-risk patients, all the 
lymph nodes grossly identified may need to be 
submitted for FSA.

It is relatively easy to diagnose metastatic 
high-grade carcinoma on FSA. However, well-
differentiated tumors often lack prominent des-
moplastic stroma and the tumor cells show bland 
cytologic features. A small focus of metastasis, 
particularly when it is subjected to freezing 

Fig. 10.4  Frozen section showing a focus of circumfer-
ential perineural invasion by prostatic carcinoma. Marked 
cautery and frozen artifacts are seen. Original magnifica-
tion × 200

 

Fig. 10.5  Frozen section of ganglion tissue showing a 
well circumscribed nest of loosely cohesive cells and oc-
casional large cells with abundant amphophilic cytoplasm 
and large nucleus, mimicking high-grade prostatic carci-
noma. Original magnification × 100
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artifact, can easily be overlooked (Fig. 10.6). 
Rarely, false positive FSA result has been re-
ported in patients following hip joint replacement 
that may predispose them to have pelvic lymph 
node histiocytosis simulating metastatic foamy 
gland prostate cancer cells (Fig. 10.7). Aware-
ness of these pitfalls and review of the previous 
biopsy material prior to FSA are very helpful for 
adequate interpretation of the specimens.
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Fig. 10.6  Frozen section of a pelvic lymph node showing 
metastatic carcinoma. Prostatic carcinoma usually shows 
minimal pleomorphism and does not induce prominent 
desmoplasia; it can be difficult to recognize it on gross or 
microscopic examination due to frozen artifact. Original 
magnification × 100
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Introduction

Prostate cancer is a clinically heterogeneous 
disease. Over 900,000 cases of prostate cancer are 
diagnosed worldwide annually [1]. Many of these 
men will have aggressive disease with progres-
sion, metastasis, and death from prostate cancer, 
remaining as the second most common cause of 
cancer death worldwide. However, many others 
will have indolent disease that will not threaten 
health during their natural lifespan. Overtreat-
ment of low-risk disease with radical therapy 
imports significant morbidity and compromise to 
quality of life. The emergence and application of 
new technology has allowed a rapid expansion 
of our understanding of the molecular basis of 
prostate cancer, and has revealed a remarkable 
genetic heterogeneity that may underlie the clini-
cally variable behavior of the disease [2–7].

Genomic Alterations

Somatic Mutations

Alterations in tumor cells but not in the germline 
DNA are referred to as somatic mutations. The 
term mutation includes point mutations, copy 
number alterations (i.e., copy gain and loss), and 
genomic rearrangements. Recent high throughput 
studies have nominated a number of recurrent 
somatic mutations that may represent gain of 
function oncogenes and loss of function of tumor 
suppressor genes.

Phosphoinositide 3-Kinase (PI3K) 
Pathway
The phosphoinositide 3-kinase (PI3K) pathway 
is among the most commonly altered signal-
ing pathways in human cancer. This path-
way is activated by lesions in several different 
signaling components, and affects cell prolifera-
tion, survival, and invasion. The PI3K pathway 
is altered in approximately 25–70 % of prostate 
cancers, with metastatic tumors having signifi-
cantly higher incidence.

Phosphatase and tensin homologue ( PTEN), 
located on chromosome 10q23, is among the 
most frequently mutated tumor suppressors in 
human cancer. PTEN acts to dephosphorylate 
lipid-signaling intermediates, thereby deactivat-
ing PI3K-dependent signaling. Heterozygous 
and less commonly homozygous deletions at 
the PTEN locus occur in about 40 % of primary 
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prostate cancers and inactivating mutations in 
another 5–10 % [2, 3, 8]. Inactivating lesions 
are more common in advanced disease [2, 3, 6, 
9, 10]. Multiple functional studies in cell lines, 
xenografts, and mouse models support the role of 
PTEN as a critical tumor suppressor in prostate 
cancer [11–13].

Gene amplification and gain of function point 
mutations of PIK3CA, encoding a catalytic sub-
unit of PI3K, result in overactivation of the path-
way. Amplification of PIK3CA has been reported 
in about 25 % of prostate cancers and recent 
sequencing studies have revealed activating point 
mutations in about 5 % of cases [2, 14]. Activat-
ing lesions in PIK3CA and inactivation of PTEN 
are often, but not completely, mutually exclusive, 
supporting similar endpoints in driving down-
stream signaling. However, PTEN inactivation 
seems to be the dominant mechanism of altering 
the pathway.

Like PTEN, the PHLPP1 gene (PH domain 
and leucine-rich repeat protein) located at 18q21, 
is recurrently deleted in a number of cancers, 
including prostate cancer, and acts to dephos-
phorylate components of the PI3K pathway 
(specifically the protein kinase Akt) [6]. Inter-
estingly, deletion of PHLPP appears to have its 
most potent effects in cells with PTEN inactiva-
tion, suggesting that PHLPP plays a redundant 
role in cells with intact PTEN signaling [12]. As 
additional data emerge, rarer events affecting the 
PI3K pathway are also being discovered. These 
include rearrangement of MAGI2, encoding a 
PTEN scaffolding protein, point mutations and 
genomic deletions of CDKN1B, a tumor sup-
pressor that functions as an inhibitor of cell cycle 
progression downstream of Akt signaling, and 
mutations in GSK3B, another regulatory kinase 
downstream of PI3K [2, 6, 7, 15]. In total, these 
recurrent lesions in multiple nodes of the PI3K 
pathway reinforce its central importance in the 
pathogenesis of prostate cancer and confirm in-
terest in its potential for targeted therapy.

Ras/Raf/MAPK Pathway
The mitogen-activated protein kinase (MAPK) 
pathway plays a critical role in many cancers 
(including lung, ovary, melanoma, pancreas, and 

GI tract); however, its role in prostate cancer 
is less well established. MAPK signaling is 
activated in response to upstream signals such 
as growth factors, cytokines, and adhesion mol-
ecules. Other signaling intermediates commonly 
activated in cancer, such as Ras and Raf, activate 
MAPK signaling and may enhance transcription-
al activity of the androgen receptor (AR) [16]. 
Up-regulation of MAPK pathway components 
and upstream intermediates are common and en-
riched in prostate cancer metastases; however, 
mutations in these components are relatively rare 
[2, 3, 6]. In addition, rare fusion genes involv-
ing KRAS, RAF1, and BRAF may confer pathway 
activation in advanced prostate cancers [17, 18].

p53
The tumor suppressor p53 ( TP53) is the most 
commonly mutated gene in human cancer. In 
response to cell stress, the p53 protein acts as a 
sequence-specific transcription factor, activat-
ing the transcription of genes involved in cell 
cycle arrest, DNA repair, and apoptosis. Recent 
data show deletions at the TP53 locus in about 
25–40 % of prostate cancer samples, with point 
mutations in 5–40 % of cases [2, 3, 6, 9, 10, 19].

Rb
The retinoblastoma protein Rb, is a classic tumor 
suppressor that acts to check cell cycle progres-
sion, and is deleted or mutated in a number of 
human cancers. RB1, located at 13q14, is only 
rarely deleted in clinically localized prostate 
cancer; however, RB1 is commonly inactivated 
in castration-resistant prostate cancer (CRPC), in 
up to 45 % of cases [3, 6, 9]. Recent data suggest 
that Rb modulates AR signaling and inhibits pro-
gression to castration resistance [20].

Myc
MYC encodes a transcription factor (c-Myc) 
with multiple downstream target genes, lead-
ing to cell cycle progression, cell survival, and 
tumorigenesis. Mutations, amplification, over-
expression, rearrangements, and translocations 
involving MYC are common in epithelial and 
hematopoietic malignancies, making it one of the 
most commonly activated oncogenes in human 
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cancer. MYC, at chromosome 8q24, is commonly 
amplified in prostate cancer [2, 3, 6, 9]; however, 
this often involves amplification of this entire 
arm of chromosome 8, leading to the possibility 
of other oncogenes in the region.

Mutations Affecting Androgen 
Signaling

Since the discovery that castration of men with 
advanced prostate cancer resulted in disease 
regression, androgen signaling has been a central 
axis in the pathogenesis of prostate cancer. 
Genomic data confirming recurrent lesions in 
components of androgen signaling serves to rein-
force its cardinal importance to the development 
and progression of prostate cancer. These include 
alterations in the AR gene itself, as well as in 
interacting proteins that can modulate the activ-
ity of the AR and its downstream target genes.

The AR is a ligand-dependent nuclear tran-
scription factor. The AR gene undergoes multiple 
alterations leading to increased activity in prostate 
cancer, including gene amplification, point muta-
tions, and alteration in splicing leading to consti-
tutively active variants [21–24]. However, these 
alterations take place largely, if not exclusively, in 
metastatic, CRPC [25–27]. Recent studies reported 
amplification of AR in 23/50 (46 %) and point 
mutations in an additional 5/50 (10 %) of treated, 
metastatic tumors, but these lesions were absent 
in over 100 clinically localized prostate cancers 
[2, 3]. This is consistent with analysis by Taylor et 
al., with AR amplification in 40 % and mutation in 
an additional 10 % of metastatic prostate cancers 
(largely CRPC), but completely absent in primary 
tumors [6]. These findings support the hypothesis 
that lesions in the AR gene itself do not play a 
role in the pathogenesis of prostate cancer, but in-
stead emerge during treatment as a mechanism of 
resistance to therapies targeting the androgen axis. 
Even in advanced cancers that no longer respond 
to androgen deprivation therapy, accumulating ev-
idence has shown that AR signaling remains active 
and plays a critical role in disease progression; this 
has led to the abandonment of the term “androgen 
independent” in favor of “castration resistant” for 
this disease state [28].

Alterations have also been found in genes 
encoding proteins that interact with and modu-
late AR activity. These include transcriptional 
coactivators ( NCOA2, EP300), transcriptional 
corepressors ( NCOR2), interacting transcription 
factors, and chromatin regulatory elements [2, 
3, 6, 19]. Interestingly, mutations or other means 
of deregulation of these genes are present in pri-
mary as well as metastatic tumors, indicating that 
although AR itself may not be altered in clinically 
localized disease, other elements of the signaling 
pathway may be recurrently altered.

The forkhead-box family of transcription fac-
tors is involved in cell growth and differentiation. 
Forkhead box A1 ( FOXA1) interacts with the AR 
and modulates its transcriptional activity in the 
prostate. Recurrent point mutations in FOXA1 
have been found in both primary tumors and 
metastatic lesions [2, 3]. These likely represent 
activating mutations as FOXA1 is overexpressed 
in metastatic and CRPC, and observed FOXA1 
mutants increase proliferation in the presence of 
androgen [3, 29]. Interestingly, other members of 
the forkhead-box family have also been impli-
cated in prostate cancer pathogenesis; FOXP1 at 
3p14, FOXO1 at 13q14, and FOXO3 at 6q21 are 
in areas recurrently deleted, suggesting a possible 
role as tumor suppressors [2, 6, 30].

The NCOA2 gene encodes nuclear receptor 
coactivator 2 (also known as steroid receptor 
coactivator 2, SRC2), a transcriptional coactiva-
tor that modulates gene expression by a number 
of hormone receptors, including AR. Taylor et al. 
identified 6.2 % of prostate cancers with ampli-
fication of the NCOA2 gene (on chromosome 
8q, in an amplicon previously attributed to the 
MYC gene) with significant correlation between 
amplification and elevated NCOA2 mRNA, 
as well as rare somatic mutations of NCOA2 
(2/91 prostate cancers; 2.2 %) [6]. Functionally, 
increased NCOA2 levels amplified AR pathway 
transcriptional output.

In addition, genes encoding multiple other 
AR-interacting proteins are mutated or otherwise 
dysregulated in prostate cancer. These include 
transcriptional corepressors such as NCOR2 
and coactivators such as NRIP1 and EP300 
[3, 6]. Furthermore, there is extensive interac-
tion between AR signaling and other oncogenic 
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signaling pathways. For instance, the PI3K/Akt 
signaling pathway has been shown to inhibit AR 
signaling, and by reciprocal negative feedback, 
AR inhibition activates Akt signaling [31]. This 
type of complex interplay between the AR com-
ponents that modulate its transcriptional activity, 
and other pathways may help explain the even-
tual failure of androgen deprivation therapy, and 
further investigation to map out these interac-
tions may nominate key therapeutic targets.

A distinct and intriguing role for androgen 
signaling in driving prostate carcinogenesis has 
been proposed based on recent findings. The im-
portance of genomic rearrangements in prostate 
cancer is well established; rearrangements may 
occur when the genomic loci are brought into 
close physical proximity to each other. Interest-
ingly, rearrangement breakpoints are significant-
ly more likely to occur near AR-bound sites in 
the genome than predicted by chance [7]. This 
raises the possibility that AR complexes mediate 
the formation of “transcriptional hubs” that bring 
together distant genomic loci, and predispose to 
genomic rearrangements through transcriptional 
stress. In support of this concept, androgen stim-
ulation can bring the TMPRSS2 and ERG loci 
into proximity and induce fusion of these genes 
de novo [32]. More recently, whole genome se-
quencing in a German cohort suggested a high in-
cidence of androgen-driven structural rearrange-
ments, especially in early onset prostate cancer 
[33]. Essentially, this suggests that androgen-
mediated transcriptional activity could act as the 
initial driver of many genomic rearrangements 
in prostate cancer. Overall, these findings rein-
force androgen signaling as potentially the most 
impactful pathway in both primary and advanced 
prostate cancer.

ETS Gene Fusions

A major advance toward the understanding of the 
molecular nature of prostate cancer came with 
the identification of recurrent gene fusions con-
sisting of androgen-regulated genes and mem-
bers of the ETS family of oncogenic transcription 
factors in a majority of prostate cancers [34–36]. 

These most commonly occur as fusion of the 
TMPRSS2 gene and the transcription factor ERG. 
Over ten androgen-regulated genes have been 
identified as 5′ fusion partners; other members of 
the ETS family that serve as 3′ partners include 
ETV1, ETV4, and ETV5 [36]. The prevalence 
of ETS rearrangements ranges from 27 to 79 % 
in radical prostatectomy and biopsy samples; 
these generally represent prostate-specific anti-
gen (PSA)-screened patients (reviewed in [36]) 
(Fig. 11.1a–d). Prostate-specific expression of 
ETS family members in mice results in the de-
velopment of prostatic intraepithelial neoplasia 
(PIN), and combination with other lesions such 
as AR overexpression or PTEN loss leads to inva-
sive adenocarcinoma [11, 37, 38]. Overall, these 
findings and the high frequency of recurrent ETS 
gene fusions in prostate cancer support dysregu-
lation of the ETS signaling axis as an important 
factor in prostate tumorigenesis.

SPOP Mutations

Mutations in SPOP in prostate cancer have been 
recently discovered in systematic sequencing 
studies [2, 7, 19, 39]. These represent the most 
common point mutations in primary prostate can-
cer, with recurrent mutations in SPOP in 6–13 % 
of multiple independent cohorts. The SPOP gene 
encodes for the substrate-recognition component 
of a Cullin3-based E3-ubiquitin ligase; missense 
mutations are found exclusively in the structur-
ally defined substrate-binding cleft of SPOP, in-
dicating that prostate cancer-derived mutations 
will alter substrate binding [2, 39] (Fig. 11.2a, b).

Mutations Affecting Gene Expression 
and Chromatin Regulation

Regulation of chromatin remodeling, the process 
of modifying DNA architecture through histone 
modifications and other restructuring processes, 
has emerged as a major mechanism for alterations 
across the spectrum of human cancers. Alteration 
in proteins involved in chromatin regulation 
can have far reaching cellular effects, affecting 
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Fig. 11.1  Complexity of ETS gene fusions in pros-
tate cancer. a Multiple 50 partners ( red) and ETS genes 
( blue) have been identified. b Two genomic mechanisms 
of TMPRSS2:ERG gene fusions have been identified. 
The prostate-specific androgen-induced transmembrane 
protease serine 2 gene, TMRPSS2, and the v-ets eryth-
roblastosis virus E26 oncogene homolog gene, ERG, are 
located approximately 3 megabases (Mb) apart on chro-
mosome 21, and fusion can occur either through deletion 
of the intervening genomic region ( arrows) or insertion 
of the intervening region to another chromosome. Styl-
ized results obtained by fluorescence in situ hybridization 
(FISH) using probes located 50 ( green) and 30 ( red) to 
ERG are shown to the right of the structural diagrams, 

with colocalization of 50/30 ERG probes indicated in 
yellow. c Multiple fusion transcript isoforms have been 
characterized. Stylized structures for TMPRSS2 ( red) and 
ERG ( blue) are shown. Noncoding and coding exons are 
shown in small and large boxes, respectively. Transcripts 
differ in the location of the junction between the 50 part-
ners and the ETS gene, as well as the included exons.  
d Localized prostate cancer is commonly multifocal, with 
several distinct appearing foci of cancer. A single prostate 
can contain foci without ETS gene rearrangements, foci 
with TMPRSS2:ERG fusion through deletion ( del), or foci 
with TMRPSS2:ERG fusion through insertion ( ins). (Used 
with permission from [36])
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genome-wide control of gene expression and 
playing key roles in DNA repair and genome 
maintenance. Mutations in a number of genes in-
volved in histone modifications have been iden-
tified in prostate cancer. These include KDM6A/
UTX, MLL2, and MLL3 [2, 3, 6, 19]. Interestingly, 
proteins encoded by these genes all act to alter 
methylation of the histone variant H3, known to 
be a key component of regulation of chromatin 
states and involved in transcriptional control.

CHD1 at 5q21 encodes a chromodomain he-
licase DNA-binding protein that acts to remodel 
chromatin states (partly by acting as a chaper-
one of H3.3), and is involved in transcriptional 
control across the genome. The CHD1 locus is 
recurrently deleted in prostate cancer, at roughly 
10–25 % frequency in both primary and metastat-
ic tumors; rearrangements and point mutations 
have also been identified [2, 3, 6, 7]. Further-
more, prostate tumors with CHD1 deletion have 
a significant increase in genomic rearrangements 
[40]. Future studies will elucidate the role of this 
putative tumor suppressor in the pathogenesis of 
prostate cancer.

Enhancer of zeste homolog 2 ( EZH2) acts as 
a histone methyltransferase (HMT) to silence 
gene expression and plays a critical role in chro-
matin regulation. Dysregulation of EZH2 occurs 
in a variety of human cancers, through mutation, 
overexpression, and other mechanisms. EZH2 

is overexpressed in prostate cancer, and overex-
pression is associated with aggressive and meta-
static disease [41] (Fig. 11.3a, b). Interestingly, 
recent data show that the role of EZH2 in prostate 
cancer may be independent of its function in 
silencing gene expression, but instead it acts as 
an activator of the AR and other transcription 
factors [42]. These discoveries raise the possi-
bility that therapeutic targeting of EZH2 activity 
may be a potential strategy for advanced prostate 
cancer (see below in epigenetics section).

Prognostic Significance of Genetic 
Changes

Although we have begun to catalogue the altera-
tions in prostate cancer, the prognostic signifi-
cance of the majority of these changes remains 
unclear. The long natural history of prostate 
cancer complicates establishing predictive 
relationships, and raises the possibility that many 
mutations that drive tumorigenesis in the pros-
tate are not associated with disease progression 
or mortality. Instead, lesions that initiate cancer 
may occur decades before the disease becomes 
clinically relevant, and may have no effect on 
prognosis. Furthermore, long follow-up on large 
well-annotated cohorts are necessary to establish 
effects on prognosis.

Fig. 11.2  Structural studies of recurrent SPOP alterations 
in prostate cancer. a Positional distribution of somatic al-
terations in SPOP across the Weill Cornell Medical Col-
lege ( WCMC), University of Michigan ( UM), Uropath, 
and University of Washington ( UW) prostate tumor co-

horts. b Mutated residues in the crystal structure of the 
SPOP MATH domain bound to substrate (PDB 3IVV). 
MATH meprin and TRAF homology domain, BTB broad 
complex, tramtrack and bric-a-brac domain. (Used with 
permission from [2])
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PTEN
Dysregulation of PTEN is the lesion most consis-
tently associated with poor prognosis in prostate 
cancer. A preponderance of evidence shows that 
deletion of PTEN is associated with advanced 
localized or metastatic disease, higher Gleason 
grade, and higher risk of progression, recurrence 
after therapy, and death from disease [8, 43–47].

TMPRSS2-ERG
As the most common event in prostate cancer, 
numerous studies have investigated the effect of 
TMPRSS2-ERG fusion on prognosis. Data are 
conflicting; ETS fusions have been reported as 
associated with both more aggressive and more 
indolent disease, likely representing heterogene-
ity of study cohorts and management, the impact 
of sampling, multifocality and intraprostate 

molecular heterogeneity, and the variability of 
measured outcomes. Here we will discuss briefly 
what Tomlins et al. have reviewed in details [36]. 
Population-based studies focused on non-PSA 
screened populations with prostate cancer diag-
nosed by transurethral resection of the prostate 
(TURP) and conservatively managed (watchful 
waiting) have shown a significant association 
between ERG rearrangement and adverse clini-
copathologic predictors, metastases, or disease-
specific death [48, 49]. Studies investigating the 
impact of ETS fusions on aggressive features 
or outcome following radical prostatectomy 
have produced conflicting results, with several 
showing association between ETS fusion status 
and features of aggressive prostate cancer (in-
cluding increased Gleason grade, stage, or bio-
chemical recurrence [BCR]), while others have 
found no such associations, or even the opposite  
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Fig. 11.3  Overexpression of EZH2 in metastatic hor-
mone-refractory prostate cancer ( MET). a Cluster dia-
gram depicting genes that distinguish MET from clini-
cally localized prostate cancer ( PCA). Genes upregulated 
in METs relative to prostate cancer are shown. Red and 
green represent upregulation and downregulation, respec-
tively, relative to the median of the reference pool. Grey 

represents technically inadequate or missing data, and 
black represents equal expression relative to the reference 
sample. b DNA microarray analysis of prostate cancer 
shows upregulation of EZH2 in METs. BPH benign pros-
tatic hyperplasia, NAT normal adjacent prostate tissue. 
(Used with permission from [41])
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(association with lower Gleason grade or in-
creased recurrence-free survival). In summary, 
population-based studies of watchful waiting 
cohorts have shown ETS fusions associated 
with poor prognosis, while retrospective radi-
cal prostatectomy series have conflicting results 
regarding aggressiveness and prognosis of ETS 
fusion-positive cancers; variation in techniques 
to detect ERG rearrangement also confounds in-
terpretation across studies.

Somatic Copy Number Alterations 
(SCNAs) and Gene Expression
In addition to the effect of specific genomic 
events on the prognosis of prostate cancer, the 
implications of genome-wide or transcriptome-
wide changes have also been investigated. 
Multiple authors have shown that the overall 
number of SCNAs correlates with Gleason 
grade, tumor stage, and other poor prognostic 
features [6, 15, 50]. This may reflect the impact 
of the overall degree of genomic instability in 
these tumors, or may represent the accumula-
tion of driving events, with prognosis worsen-
ing as the tumor accumulates additional “hits.” 
Studies investigating gene expression have been 
also attempted to define patterns associated with 
aggressive disease; many studies have reported 
gene expression signatures predictive of disease 
progression or aggressiveness, but limited value 
has been demonstrated across cohorts and transi-
tion to the clinical setting remains elusive.

Tumor Heterogeneity and Potential 
Targets

The heterogeneity of prostate cancer complicates 
risk stratification and selection of management 
strategies. However, molecular classification 
holds the promise of identifying specific sub-
classes of prostate cancer associated with distinct 
patterns of genomic abnormalities. Genomic 
and transcriptomic analyses reveal that pros-
tate tumors can be subclassified based on gene 
expression and SCNA signatures, with some 
success in predicting aggressive features of 
disease or impact on prognosis [6, 15, 50, 51].  
Systematic sequencing studies continue to add 

data allowing the definition of molecular sub-
classes based on mutations and copy number 
aberrations. These discoveries raise the possibili-
ty that prostate cancer might soon transition from 
a poorly understood, clinically heterogeneous 
disease to a collection of homogenous subtypes 
identifiable by molecular criteria, associated 
with specific genetic abnormalities, with distinct 
effects on patient prognosis, amenable to specific 
management strategies, and perhaps vulnerable 
to specific targeted therapies. As these subclasses 
emerge, selection of model systems based on 
genetic context becomes critical; for instance, 
studying SPOP mutations in a cell line that has 
TMPRSS2-ERG fusion or TP53 mutations may 
be futile, since these events are mutually exclu-
sive in tumors.

ETS Fusion-Positive Tumors
Due to the approximately 50 % prevalence of 
ETS fusions, attempts to molecularly character-
ize prostate often begin with division into ETS-
positive and ETS-negative subclasses. It is likely 
that the different ETS fusions genes have simi-
lar functional consequences to the cancer cell. 
Although prostate tumors have been reported 
with more than one type of ETS fusion, in gen-
eral only a single ETS fusion is present in a given 
tumor, consistent with functional redundancy 
[52]. Multiple studies have defined distinct gene 
expression profiles in ETS fusion-positive and 
ETS fusion-negative prostate cancers [36, 51, 
53]. In addition, tumors with ERG rearrange-
ment have distinct SCNA profiles and increased 
lesions in TP53 and PTEN, suggesting that they 
represent a biologically distinct entity [2, 6, 54].

The high prevalence and simple identification 
of prostate cancers with ETS rearrangement led to 
interest in potential therapeutic targeting. Although 
successful targeted therapy against oncogenic 
transcription factors has proven notoriously dif-
ficult, Brenner et al. identified the enzyme poly 
(ADP-ribose) polymerase 1 (PARP1) as an ERG-
interacting protein critical for the oncogenic ac-
tion of ETS proteins in prostate cancer cells, and 
demonstrated that inhibition of PARP resulted in 
decreased growth of ETS fusion-positive, but not 
ETS-negative prostate cancer xenografts [55]. 
These findings suggest that PARP inhibitors, 
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currently under clinical investigation in a number 
of cancers, including breast and ovarian, repre-
sent a potential therapeutic avenue specifically for 
ETS-positive prostate cancers.

SPOP Mutations Define a Distinct 
Molecular Class of Prostate Cancer
Mutations in SPOP occur in up to 15 % of pros-
tate cancers; importantly, SPOP mutations are 
mutually exclusive with TMPRSS-ERG fusion 
and other ETS rearrangements, and SPOP-
mutant tumors generally lack lesions in the PI3K 
pathway [2, 3, 19] (Fig. 11.4). Moreover, SPOP 
mutations are also mutually exclusive with dele-
tions and mutations in the TP53 tumor suppres-
sor [2, 19]. Finally, SPOP-mutant tumors show a 
distinct pattern of genomic aberrations; specifi-
cally, deletions of CHD1 at 5q21.1 and deletion 
in the 6q21 region are significantly associated 
with SPOP mutations [2]. Taken together, these 

findings support SPOP mutations as a driver 
lesion that underlies a distinct molecular subclass 
of prostate cancer.

SPINK1
As studies have characterized the molecular na-
ture of prostate cancer, additional potential sub-
types have emerged. The serine peptidase inhibi-
tor, Kazal type 1 ( SPINK1) is a secreted protein 
overexpressed specifically in a subset of ETS-
negative cancers [56–58]. SPINK1 overexpres-
sion is associated with decreased BCR-free sur-
vival, and monoclonal antibodies to SPINK1 at-
tenuate the growth and invasion of SPINK1-posi-
tive cells in prostate cancer models. Furthermore, 
EGFR, through interaction with SPINK1, may in 
part mediate the oncogenic effects of SPINK1, 
and inhibition of EGFR signaling with already 
clinically established agents may be another route 
of targeted therapy for this specific subclass of 

Fig. 11.4  SPOP mutation defines a distinct genetic sub-
class of prostate cancer. a Heat map showing selected 
recurrent somatic copy-number aberrations (SCNAs).  
b Each column represents a single prostate cancer sample. 
Samples are annotated for mutations in SPOP, PTEN, 
PIK3CA and TP53, deletions of PTEN, and ERG rear-

rangements. Deletions positively correlated (5q21.1, 
6q21) or inversely correlated (21q22.3) with SPOP muta-
tion are shown. P values of peak association with SPOP 
mutation in both discovery and validation cohorts are 
given below (Fisher’s exact test). (Used with permission 
from [2])
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prostate cancer [59]. These studies on ETS fusion 
and SPINK1-positive prostate cancer subclasses 
can serve as a model for how further classification 
efforts can benefit patients; identifying molecular 
subclasses with specific underlying genetic ab-
normalities, finding effects on patient prognosis, 
defining the signaling pathways associated with 
these lesions that may drive prostate tumorigen-
esis, and identifying potential targets for therapy.

IL-6 and Cytokine Signaling
Accumulating evidence also implicates cytokine 
signaling as a targetable axis in prostate cancer. 
Interleukin-6 (IL-6) is an inflammatory cytokine 
that is overexpressed in prostate cancer; it reg-
ulates proliferation, apoptosis, and angiogen-
esis through activation of multiple downstream 
pathways, including MAPKs and Akt. While no 
specific mutations in elements of IL-6 signaling 
have been reported, preclinical studies in multiple 
prostate tumor models reveal the potential of the 

anti-IL-6 antibody siltuximab, and clinical trials 
have been initiated [60]. Endogenous inhibitors 
of cytokine signaling are also relevant in pros-
tate cancer; Suppressor of Cytokine Signaling 3 
( SOCS3) inhibits apoptosis in AR-negative mod-
els [61]. IL-6 has pleomorphic effects that are 
cell-context dependent, complicating the search 
for biomarkers and design of trials [62].

Rare Lesions and Opportunities  
for Precision Medicine
The high incidence of prostate cancer and the 
diverse and heterogeneous pattern of alterations 
in the disease imply that even alterations only 
impacting a few percent of patients may have 
clinical utility; this is the paradigm of personal-
ized medicine. Highlighting this are recent stud-
ies identifying rare fusion genes involving the 
Ras/Raf kinase pathways. Rearrangements of the 
BRAF or RAF1 genes have been reported in 1–2 % 
of prostate cancers [9, 17] (Fig. 11.5a–d), while 
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Fig. 11.5  Discovery of the SLC45A3-BRAF and ESRP1-
RAF1 gene fusions in prostate cancer by paired-end 
transcriptome sequencing. a Schematic representation 
of reliable paired-end reads supporting the interchro-
mosomal gene fusion between SLC45A3 ( purple) and 
BRAF ( orange). The protein kinase domain in the BRAF 
gene ( yellow) remains intact following the fusion event. 

Respective exons are numbered. b, c As in a, except 
showing the fusions between ESRP1 ( red) and RAF1 
( blue), resulting in reciprocal fusion genes ESRP1-RAF1 
and RAF1-ESRP1. d As in a, except showing the fusion 
between AGTRAP ( red) and BRAF ( orange). (Used with 
permission from [17])
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KRAS rearrangement has also been discovered in 
advanced prostate cancer [18]. Importantly, acti-
vating events in these pathways are  considered 
targetable by existing Raf  kinase inhibitors. 
These studies suggest that while uncommon, 
such events may define a model where evalua-
tion of the molecular profile of an individual’s 
prostate cancer could reveal rare but actionable 
alterations that can be treated with existing phar-
macologic agents.

A subtype of prostate cancer that can rarely 
arise de novo, neuroendocrine prostate cancer 
(NEPC), is a lethal subtype that most common-
ly develops after hormonal therapy for the dis-
ease [63]. It is estimated that up to 30 % of late 
stage prostate cancers harbor a predominance 
of neuroendocrine differentiation. NEPC does 
not secrete PSA or express AR, and should 
be suspected in patients with rapid disease 
progression especially metastases to visceral 
organs, low or modestly elevated serum PSA 
level and elevated serum markers of neuroen-
docrine differentiation (i.e., chromogranin A or 
neuronspecific enolase). Recent transcriptome 
sequencing and assessment of DNA copy num-
ber changes of both prostate cancer and NEPC 
has brought new insight into NEPC pathogen-
esis [9]. Despite clonal origin of NEPC from 
adenocarcinoma cells, there exist dramatic 
gene expression differences with nearly 1000 
genes showing differential expression. In ad-
dition, the genome of NEPC is widely aberrant 
with frequent amplifications and deletions. 
There are subpopulations of prostate cancer 
patients that demonstrate mixed molecular fea-
tures and may be at high risk for progression 
to NEPC. For instance, co-amplification of the 
genes encoding the oncogenes Aurora kinase A 
(AURKA) and N-myc ( MYCN) are frequently 
found in primary tumors of patients that later 
develop treatment-related NEPC, and are in-
frequent in other primary prostate adenocar-
cinomas [64]. Therefore, AURKA and MYCN 
amplifications may predict patients at high 
risk for the development of treatment-related 
NEPC.

Temporal Relationships Among 
Genomic Events

Establishing the temporal sequence of genomic 
events in prostate cancer—which lesions occur 
early and likely initiate cancer, versus those that  
come later and are associated with disease pro-
gression—is critical for defining prostate cancer 
progression and aggressiveness at the molecular 
level. A molecular definition of progression may 
be invaluable for patients on active surveillance 
or for risk-stratification of intermediate-risk 
patients. ERG rearrangement has been shown in 
both isolated high-grade prostatic intraepithelial 
neoplasia (HGPIN) and in HGPIN adjacent to 
invasive prostate cancer [36, 65]. SPOP mutations 
have also been identified in HGPIN, and are only 
observed in ETS-negative tumors, suggesting 
that SPOP mutation and ETS rearrangements 
are mutually exclusive early events in the natural 
history of prostate cancer [2]. In contrast, lesions 
in PTEN, RB1, TP53, and AR are more common-
ly reported in advanced tumors. Whole genome 
sequencing has provided additional insight in this 
endeavor. Analysis of the clonality of genomic 
events (in essence, the percentage of cells in a 
tumor with a specific lesion) allows investigators 
to extrapolate the hierarchy of these events in 
a tumor’s natural history. Using this approach, 
Baca et al. have reported ERG rearrangement, 
NKX3-1 deletion, and mutations in SPOP and 
FOXA1 as clonal, early events in the history of 
prostate cancer. These are followed by lesions 
in CDKN1B and TP53, and finally by inactiva-
tion of PTEN [40] (Fig. 11.6). Findings such 
as these establish a framework for defining the 
sequence of molecular events in the natural his-
tory of prostate cancer, from disease initiation to 
progression, metastases, emergence of treatment 
resistance, and death.

Section Summary

Major advances have been made in cataloguing 
the genomic alterations in prostate cancer, under-
standing the molecular mechanisms underlying 
the disease, and using this information to 
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subclassify tumors. These findings raise the pos-
sibility that prostate cancer could soon transition 
from a poorly understood, heterogeneous disease 
with a variable clinical course to a collection of 
homogenous subtypes, identifiable by molecu-
lar criteria, associated with distinct risk profiles, 
and perhaps amenable to specific management 
strategies or targeted therapies [66] (Fig. 11.7).

Epigenetic Alterations in Prostate 
Cancer

Epigenetic alterations occur more frequently than 
somatic mutations. They arise early and associate 
with prostate cancer and disease progression, in-
cluding DNA methylation, histone modifications, 

and microRNA (miRNA) regulation. These heri-
table alterations affect gene expression without 
changing the DNA sequences during the develop-
ment of prostate cancer. As epigenetic alterations 
can be reversed, inhibitors blocking the processes 
are being tested for their effectiveness in treating 
prostate cancer. In addition, there appear to be 
many opportunities for biomarker development 
based on epigenetic alterations as these changes 
can be robustly measured.

DNA Methylation

GSTP1
The best-known gene-specific hypermeth-
ylation in prostate cancer is Glutathione-S-

Fig. 11.6  Clonality and evolution of prostate cancer. 
Patterns of tumor evolution were inferred on the basis of 
clonality estimates. Arrows indicate the direction of clon-
al–subclonal hierarchy between genes that are deleted in 
the same sample in multiple cases. Deleted genes are rep-
resented by circles with size and color intensity reflecting 

the frequency of overall deletions and subclonal deletions, 
respectively. Ratios along the arrows indicate the number 
of samples demonstrating directionality of the hierarchy 
out of samples with deletion of both genes. (Used with 
permission from [40])
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transferase P1 ( GSTP1) [67]. Loss of expres-
sion of GSTP1 is frequently found in prostate 
cancer, as well as in HGPIN, and its silencing 
is a result of promoter hypermethylation. These 
observations support that promoter hyper-
methylation is an early event in tumorigenesis. 
GSTP1 is involved in oxidative damage re-
sponse and can protect cells from DNA damage 
and cancer initiation. Lack of GSPT1 expression 
might enable cells to tolerate DNA damage and 
mutations. Hypermethylation at the GSTP1 pro-
moter in prostate cancer is well characterized 
and documented. Since it can be detected in 
tumor tissues and body fluids (urine and blood), 
extensive work has been done in an attempt to 
make GSTP1 a useful biomarker. When screen-
ing for GSTP1 promoter hypermethylation, it 
shows high specificity, but various sensitivities 

in urine and serum/plasma. The discrepancies 
among different studies reflect the differences 
in methodologies and patient cohorts. Detecting 
GSTP1-promoter hypermethylation has been 
suggested as biomarker for diagnosis, progno-
sis, and treatment response. For example, serum 
GSTP1 promoter hypermethylation has been 
suggested as a predictor of BCR in patients with 
localized disease at radical prostatectomy. Still, 
some prostate cancer cases do not have GSTP1 
promoter hypermethylation, and examination of 
panels of multiple genes has been proposed to 
balance this scenario. Combination of multiple 
genes has greatly enhanced the detection while 
maintaining high specificity; gene selection is 
critical and should be carefully evaluated. In a 
recent large-scale study, the panel of GSTP1, 
HIF3A, HAAO, and RARβ provided high sensi-

Fig. 11.7  Molecular subclassification of prostate cancer. 
Disease initiation occurs through activation of androgen 
signaling, complex rearrangements, or other proposed 
mechanisms, leading to prostate tumor—wide clinical 
heterogeneity and distinct molecular subtypes. Disease 

progression and resistance to therapy lead to acquisition 
of new and potentially overlapping molecular alterations. 
(Used with permission from [66] Copyright © American 
Association for Cancer Research.)
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tivity and high specificity to distinguish prostate 
cancer from benign prostate tissues [68].

Genome-Wide DNA Methylation Profiling
In the last decade, our understanding of DNA 
methylation changes in prostate cancer have been 
greatly improved, thanks in part to new tech-
nologies (e.g., microarray and Next Generation 
Sequencing). The DNA methylation patterns in 
prostate cancer show global losses with a particu-
lar enrichment at CpG island promoter regions. 
Regions with medium to low CpG density tend to 
develop DNA hypomethylation during prostate 
cancer initiation. While next generation sequenc-
ing allows for deeper coverage, new understand-
ing of differentially methylated regions and their 
associated genes are being identified. Analyses 
integrating mutations, copy number variation, 
and gene expression data can further provide 
relevant information to the cancer genome. Dif-
ferent from candidate gene-based approaches, 
genome-wide site-specific DNA methylation 
events can now be studied and previously un-
known differential methylation regions can be 
identified to provide a more complete map of 
DNA methylation changes.

Methylation profiling with microarray tech-
nology is limited by defined probes; however, 
several studies have uncovered biomarkers for 
predicting BCR [69], associated with prostate 
cancer progression [70, 71] (Fig. 11.8a–c), and 
the combination of methylation and copy number 
changes has shown that in CRPC copy number 
loss and promoter hypermethylation occur to-
gether for tumor suppressor genes (e.g., RB) in 
the same tumor [72]. These results suggest that 
multiple mechanisms are utilized simultaneously 
by cancer cells to gain growth advantages.

Large-scale DNA methylation profiling 
between prostate cancer and normal prostate tis-
sue has also been carried out to identify diagnos-
tic and prognostic DNA methylation alterations 
[68, 73]. Deep sequencing enables investigators 
to study CpG sites outside of gene promoters 
or CpG islands, including repetitive sequences, 
and allows the evaluation of methylation states 
at specific alleles. The challenge is how to dis-
tinguish the “drivers” and “passengers” of DNA 

methylation alterations. Differential methylation 
is observed in repeat elements (e.g., LINE-1) 
between ERG gene fusion-positive and negative 
cancer [74]. Moreover, bisulfite sequencing of 
chromatin immunoprecipitated DNA (BisChIP-
seq) has demonstrated that in prostate cancer 
cells DNA methylation is not totally dependent 
of H3K27me3 marks [75], expanding our under-
standing from a previous finding that EZH2 may 
lead DNA methyltransferases (DNMTs) to spe-
cific genomic loci and connect the two epigen-
etic modes together. Deep sequencing has also 
revealed most CpG dinucleotide sites and has 
provided a clear look of total CpG methylation.

To understand the role of DNA methylation in 
clonal evolution of cancer metastases, Aryee et al. 
examined a metastatic prostate cancer autopsy 
cohort of 13 patients [76]. They found that total 
methylation patterns are preserved among metas-
tases from the same individual, but heterogeneous 
among men. Functional consequences from the 
gene expression patterns suggest that hypometh-
ylation is likely to promote genetic instability 
instead of affecting gene expression. Hypermeth-
ylation at promoters is generally correlated with 
downregulated gene expression, particularly at 
methylated regions showing significant variation. 
These inheritable marks may be highly enriched 
for driver alterations. New forms of DNA meth-
ylation have recently been discovered, includ-
ing 5-hydroxymethylcytosine, 5-formylcytosine, 
and 5-carboxylcytosine [77]; however, their 
importance in prostate cancer remains to be deter-
mined. Taken together, DNA methylation altera-
tions warrant further investigations for biomarker 
development and therapeutic strategies.

Histone Modifications

Histone modifications refer to the changes of 
basic amino acid residues (i.e., lysine, arginine, 
and serine) on histone tails, including acetyla-
tion, phosphorylation, methylation, ubiquity-
lation, sumoylation, citrullination, and ADP-
ribosylation. These modifications affect histone 
tails’ affinity to DNA, change chromatin struc-
ture (open or closed chromatin conformation), 
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and consequently impact gene expression. The 
malleability of histone modifications allows 
temporal and spatial changes in gene expression 
that are needed for cellular homeostasis. The 
complexities of histone modifications present a 

big challenge to study them in prostate cancer 
disease progression. For example, addition of 
methyl groups (mono-, di-, or tri-methylation) 
by HMTs to H3, H4 lysine, and arginine resi-
dues can lead to gene activation or repression, 

Fig. 11.8  DNA methylation increases with and may pre-
dict disease severity. a Left: Heat map of DNA methyla-
tion levels of the panel of 13 CpG islands ( CGIs) in the 
three groups, 20 benign prostate tissues and 16 PCa and 
8 CRPC samples (value range, 0–1). Right: Comparison 
between the three groups with adjusted log P values (Ben-
jamini-Hochberg correction false discovery rate (FDR) 
controlled at 0.05). b Boxplots of the average DNA meth-
ylation levels of the panel for individual samples. c Box-

plots of the average DNA methylation levels of the panel 
for the three groups. The AUC, sensitivity, and specificity 
for the comparison of benign and PCa are 0.9375, 100, 
and 75 %, and those for the comparison of PCa and CRPC 
are 0.975, 95, and 95 %. The boxplots at the bottom show 
average DNA methylation levels in individual samples  
(d) and in the three groups (e). (Used with permission of 
[71])
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depending on the location of target residues. 
Histone acetyltransferases (HATs) and histone 
deacetylases (HDACs) can change the acetyla-
tion state of histones, and removal of the acetyl 
groups is associated with gene repression. Phos-
phorylation of serine 10 and 28 of the histone 3 
(H3S10ph, H3S28ph) is associated with chro-
mosomal condensation; on the other hand, the 
combination of H3S10ph and H3K14Ac would 
suggest active transcription. Few studies have 
demonstrated patterns of histone modifications 
by using immunohistochemistry, suggesting that 
global histone modifications can provide prog-
nostic information for prostate cancer. Histone 
modifiers as mentioned above possess enzymatic 
activities and have gained tremendous interests 
for their potentials in therapeutic interventions to 
treat cancer patients. Here, we discuss the ones 
pertinent to prostate cancer.

EZH2
The HMT, the enhancer of zeste homolog 2 
(EZH2), is responsible for H3K27 trimethylation 
(H3K27me3) and gene silencing. It physically 
interacts with DNMTs and helps their binding to 
EZH2 target promoters. Overexpression of EZH2 
and the group of its repressed genes have been 
associated with aggressive prostate cancer and 
disease progression. Downregulation of miR-101 
or miR-26 is proposed to cause EZH2 elevation 
during prostate cancer progression. However, 
most studies have only explored for detected ex-
pression levels of EZH2 without showing global 
levels of H3K27me1, me2, or me3. One study 
systematically evaluated global H3K27 mono-, 
di-, and trimethylation in different disease states 
using immunohistochemistry [78]. It showed 
that global H3K27 methylation levels were in-
creased in metastatic prostate cancer and CRPC, 
implying that the detection in bodily fluids with 
an ELISA-based assay could be beneficial. It re-
mains to be determined if the levels of H3K27 
methylation provide relevant information for 
prostate cancer prognosis. Additional molecular 
mechanisms have been proposed for EZH2’s on-
cogenic functions. The histone methyltransferase 
multiple myeloma SET domain (MMSET) was 

upregulated in prostate cancer cell lines, which 
results in the activation of TWIST1, a criti-
cal gene in regulating epithelial-mesenchymal 
transition (EMT) and promoting cell migration 
and invasion [79]. MMSET is responsible for 
H3K36 dimethylation (H3K36me2) and gene 
activation. The expression of MMSET is highly 
correlated with EZH2 in prostate cancer. It acts 
downstream of EZH2, necessary for mediating 
EZH2’s oncogenic functions [80]. The regula-
tory link between EZH2 and MMSET suggests 
that EZH2’s oncogenic functions are not limited 
to transcriptional repression of tumor suppressors 
(e.g., p16INK4α, WNT pathway, and CDH1), but 
also to oncogene activation. However, the role or 
EZH2 in cancer has been controversial as it also 
exerts tumor suppressive activity; thus, further 
investigation is needed to understand its role. 
Inhibitors of EZH2 have been reported, such as 
3-deazaneplanocin A (DZNep), an S-adenosyl-
homocysteine hydrolase inhibitor, and the small 
molecules GKS126 and EPZ00687, but to date 
none have been approved by the FDA. DZNep 
has been shown to globally inhibit histone meth-
ylation, both active and repressive marks. Its ef-
fects on cancer cells are not specific to EZH2. 
A major concern in the development of inhibi-
tors for epigenetic modifications is cytotoxicity. 
Therapeutic approaches to totally block EZH2 
activity might cause undesired consequences and 
targeting its downstream effectors, like MMSET, 
might provide more specific outcomes.

LSD1
Lysine-specific demehtylase 1 (LSD1), can func-
tion as a corepressor and a coactivator. When in 
corepressor complexes, it functions by demeth-
ylating mono- and dimethylated H3K4; when in 
coactivator complexes, it functions as a coactiva-
tor through association with AR and other nucle-
ar factors to demethylate repressive mono- and 
dimethylated H3K9. LSD1 can form complexes 
with AR and recognize repressor elements of 
genes that negatively regulate AR signaling and 
cellular proliferation. In CRPC, low levels of an-
drogen are not sufficient to recruit LSD1 and AR, 
and therefore, it increases the expression of AR 
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and of multiple genes that contribute to increased 
androgen synthesis, DNA replication, and prolif-
eration. Overexpression of LSD1 in prostate can-
cer is associated with aggressiveness and high 
risk of relapse.

Histone Acetylation
Extensive studies have characterized AR tran-
scriptional coregulators, several of which, in-
cluding p300/CBP, p/CAF, TIP60, class I and 
class II HDACs, and p160/SRC proteins, have 
histone acetylase/deacetylase activity. HDACs 
inhibitors can be subdivided into the follow-
ing groups: hydroxamic acids (e.g., trichostatin 
A, vorinostat/SAHA), cyclic tetrapeptides (e.g., 
trapoxin B)/depsipeptides, electrophilic ketones, 
short-chain fatty acids, and benzamides; the 
former two groups have been clinically tested 
in prostate cancer. These compounds act on the 
zinc-containing catalytic domains of the HDACs, 
thus, blocking substrate recognition. Combina-
tion of HDAC inhibitors and conventional che-
motherapeutic drugs (suberoylanilide hydroxam-
ic acid [SAHA] and doxorubicin or panobinostat 
and docetaxel) has been tested in prostate cancer 
patients, but only partial responses have been 
observed. Significant cytotoxicity and limited 
antitumor effects were observed in a phase II 
clinical trial of cyclic tetrapeptide romidepsin. 
More recently, a phase II trial for recurrent or 
CRPC has started with SB939, a new hydroxam-
ic acid-based HDAC inhibitor.

MicroRNAs (miRNAs)

miRNAs are small noncoding RNAs that can si-
multaneously regulate the expression of multiple 
genes by deteriorating mRNA stability or inter-
rupting translation. They govern a big variety of 
cellular functions and their aberrant expression 
can contribute to tumorigenesis by targeting on-
cogenes or tumor suppressor genes or affecting 
important signaling pathways [81, 82]. There-
fore, altered expression of miRNAs may play 
an important role in prostate cancer develop-
ment and disease progression. Over the past few 

years, accumulating evidence have implicated 
miRNA dysregulation in prostate cancer [82, 83]. 
As many miRNAs are related to prostate cancer 
growth, disease progression, and responses to 
treatment, they have potential clinical implica-
tions as biomarkers for prostate cancer surveil-
lance. It is worth exploiting their potentials on 
enhancing PSA-based screening test, improving 
the accuracy of recurrence predictors, and assist-
ing the prediction of the efficacies of hormone 
therapy and chemotherapy.

Many altered miRNAs affect prostate cancer 
growth by regulating cell cycle and apoptosis. 
Table 11.1 lists altered miRNAs in prostate can-
cer with validated targets [82, 84–90]. In addi-
tion, several cellular mechanisms are mediated 
by miRNAs in prostate cancer bone metastasis. 
EMT is a key step of establishing cancer metas-
tasis. Downregulation of miR-143, miR-145, or 
miR-205 in prostate cancer is associated with 

Table 11.1  Altered miRNAs in prostate cancer with 
validated targets
microRNA Validated targets
let-7a CCND2, E2F2, MYC, RAS
miR-15a/miR-16 BCL2, CCND1, FGF-2, FGFR1, 

WNT3A
miR-101 EZH2
miR-106b-25-93 E2F1, p21/WAF1
miR-125b ERBB2, ERBB3
miR-143/145 AIF, BNIP3, ERK5, MYO6
miR-146 CXCR4, EGFR, ROCK1
miR-148 MSK1
miR-21 BTG2, PDCD4, PTEN, RECK, 

SPRY2, TIMP3, TPM1
miR-22 PTEN
miR-23 MYC
miR-203 BMI1, RUNX2, ZEB2
miR-205 AR, BCL2L, E2F6, PRKCE, 

ZEB1, ZEB2
miR-221/222 p27/kip1
miR-31 AR, BCL2L, E2F1, E2F2, E2F6, 

MCM2, EXO1, FOXM1
miR-32 BIM, BTG2
miR-34 AKT, BCL2, CD44, E2F3, MYC, 

TP53, SIRT1
miR-330 E2F1
miR-449 CCND1, HDAC1
miR-99 SMARCA5, SMARD1
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EMT. miR-146 targets ROCK1 and results in 
ROCK1 downregulation, which causes the ac-
tivation of the ROCK-medicated signaling and 
promotes metastasis. Downregulation of miR-
203 also promotes bone metastasis through 
ZEB2 and RUNX2, which are an EMT factor 
and a transcription regulator for bone homing 
and osteoblast proliferation, respectively. miR-
101 targets EZH2, whose increased expression 
is related to invasion by repressing E-cadherin. 
Genomic loss and downregulation of miR-101 
may increase the invasiveness by upregulating 
EZH2. Genomic loss of miR-15 and miR-16.2 in 
cancer-associated fibroblasts promotes prostate 
cancer development and progression by enhanc-
ing expression of FGF-2 and FGFR1.

Treatment with abiraterone acetate and enzalu-
tamide (MDV3100) in CRPC patients underlines 
the importance of AR-signaling in prostate cancer 
disease progression. Several miRNAs are impli-
cated in regulating AR signaling and their dysreg-
ulation may uphold AR activity during androgen 
deprivation therapy. Let-7c inhibits AR transcrip-
tion through targeting c-MYC, while miR-31 and 
miR-488* directly target AR mRNA. Using a 
miRNA library, additional miRNAs that target 
AR 3′UTR are identified, including miR-135b, 
miR-185, miR-299-3p, miR-34a/c, miR-371-3p, 
miR-421, miR-449a/b, miR-634, miR-654-5p, 
and miR-9. MiR-31 also indirectly represses AR 
by downregulating E2F1 and CDK1. MiR-130a, 
miR-203, and miR-205 repress AR coactiva-
tors, CDK1, PSAP, PSMC3IP, and PARK7, and 
inhibit the MAPK signaling pathway, which 
facilitates ligand-independent AR activation. 
On the other hand, AR regulates miRNAs at the 
transcriptional level, inducing the expression of 
miR-125b-2, miR-21, and miR-32, and suppress-
ing the expression of miR-31. Overexpressing 
miR-21 supports androgen-independent growth 
in vitro and in vivo.

Malfunction of the miRNA machinery may 
also contribute to prostate cancer. Dicer, an 
essential RNase III endonuclease for the cleavage 
of 70–100 nucleotides long pre-miRNA in the 
cytoplasm, is frequently upregulated in prostate 
cancer, and its expression levels are correlated 
with clinical status, lymph node status, and 

Gleason score [83]. Dicer and several compo-
nents of the miRNA machinery, XPO5, EIF2C2, 
EIF2C1, HSPCA, MOV10, and TNRC6B, have 
shown increased expression in metastatic prostate 
cancer and have been associated with aggressive-
ness. Immunohistochemical analysis shows that 
in normal prostate tissues, Dicer is only detected 
in the basal cells; during tumorigenesis, Dicer 
expression in neoplastic luminal cells arises and 
continues to increase during disease progression. 
The appearance of Dicer may potentiate malig-
nant transition and promote aggressiveness by 
mediating expression of miRNAs with oncogene 
features. As miRNAs are involved in various 
cellular functions, dysregulation of Dicer may 
provide growth advantages to prostate cancer at 
all stages.

MiRNAs are believed to be more stable than 
mRNA in serum, urine, archived formalin-fixed 
paraffin-embedded (FFPE) or frozen tissues, 
making them ideal for biomarker development. 
Epigenetic changes also affect miRNA expres-
sion in prostate cancer. We recently found that 
miR-31 is frequently downregulated due to 
promoter DNA hypermethylation [91]. Down-
regulation of miR-31 and DNA hypermethyl-
ation at the miR-31 promoter are associated 
with prostate cancer disease progression. The 
frequent hypermethylation of the miR-31 pro-
moter in prostate cancer suggests that epigenetic 
drugs, such as DNA demethylating agents, could 
complement existing therapeutic strategies. Such 
combinatorial treatment might decrease the 
emergence of CRPC, which represents a major 
cause of progression and mortality in prostate 
cancer patients.

Section Summary

The enthusiasm for using DNA methylation 
alterations as biomarkers or as the base for ther-
apeutic intervention has attenuated, in part due 
to the uncertainty whether DNA methylation or 
other epigenetic marks are stable to drive pros-
tate cancer tumorigenesis and disease progres-
sion. Aryee et al. recently showed that like copy 
number alterations, total DNA methylation can 
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be maintained in different metastases [76]. The 
critical issue here is to separate and distinguish 
between “driver” and “passenger” epigenetic 
alterations.
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Introduction

The most important risk factor in predicting dis-
ease progression in primary urothelial carcinoma 
of the bladder is pathological stage. As such, 
understanding the microscopic anatomy of this 
organ is crucial. While the urinary bladder ap-
pears to be an anatomically simple organ, it is 
not. Benign surface epithelium can invaginate in 
the underlying connective tissue, mimicking in-
vasive disease. The lamina propria and muscula-
ris propria can be of variable thickness and may 
contain variable anatomic elements in different 
portions of the bladder. We are commonly asked 
to evaluate bladder specimens in areas of prior 
intervention, where biopsy site changes mask 
normal anatomic landmarks. To add to this com-
plexity, invasive urothelial carcinoma may be as-
sociated with an intense stromal reaction and we 
are often asked to evaluate transurethral biopsies 
and resections in patients who have undergone 
prior excisions, both of which distort the anato-
my of the organ. What follows is a review of the 
gross and microscopic anatomy of the bladder, 
highlighting the implications for the diagnosis 
and staging of bladder cancer and illustrating an-
atomic features that may cause problems in stag-
ing tumors properly. More detailed descriptions 

of the embryology and normal anatomy of the 
bladder are available in other publications [1, 2].

Embryology and Gross Anatomy

The urinary bladder is an epithelial-lined organ, 
a component of the lower urinary tract. The lin-
ing epithelium, called urothelium, is surrounded 
by a lamina propria and muscularis propria, 
which in turn is surrounded by pelvic soft tis-
sue (Fig. 12.1). The urinary bladder is a hollow 
viscus with the ability to distend and accommo-
date up to 500 mL of urine without a change in 
luminal pressure. Its outer layer is composed of 
smooth muscle, the muscularis propria, which 
has the ability to voluntarily initiate and maintain 
a contraction until the organ is empty of urine. 
Interestingly, micturition may be initiated or in-
hibited voluntarily despite the involuntary nature 
of the organ. The ureters transport the urine from 
the kidneys and these enter the bladder at the tri-
gone. The bladder neck is the most distal portion 
of the urinary bladder and opens into the urethra.

The bladder urothelium is of endodermal 
origin, derived from the cranial portion of the uro-
genital sinus in continuity with the allantois. The 
lamina propria, the muscularis propria, and the 
adventitia develop from the adjacent splanchnic 
mesenchyme. While the mesonephric ducts con-
tribute initially to the formation of the mucosa of 
the trigone, this is subsequently entirely replaced 
by endodermal epithelium of the urogenital 
sinus. During embryologic development, the  
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allantois regresses completely, forming the ura-
chus, an epithelial-lined tube which extends from 
the umbilicus to the apex (dome) of the bladder 
[3]. Before or shortly after birth, the urachus in-
volutes, becoming a fibrous cord which is called 
the median umbilical ligament (Fig. 12.2); the 
term urachal remnant should be limited to those 
instances when remnants of epithelium persist 
within the median umbilical ligament. The epi-
thelial lining of the urachus is urothelium, similar 
to that of the urinary bladder and ureter, but it 
frequently undergoes metaplastic change, mostly 
glandular.

In adults, the empty urinary bladder lies with-
in the anteroinferior portion of the pelvis minor, 
inferior to the peritoneum, while in infants and 
children it is located partially within the abdo-
men, even when empty [4]. In adults, as the blad-
der fills it will distend and may extend into the 
abdomen. The bladder lies relatively free within 

the fibrofatty tissues of the pelvis except in the 
area of the bladder neck where it is firmly secured 
by the pubovesical ligaments in the female and 
the puboprostatic ligaments in the male [4, 5]. 
The relative freedom of the rest of the bladder 
allows for expansion superiorly as the organ fills 
with urine.

The empty bladder in an adult has the shape of 
a four-sided inverted pyramid and is enveloped 
by the vesical fascia [4]. The superior surface 
faces superiorly and is covered by the pelvic 
parietal peritoneum. The posterior surface, also 
known as the base of the bladder, faces posterior-
ly and inferiorly. It is separated from the rectum 
by the uterine cervix and the proximal portions 
of the vagina in females and by the seminal 
vesicles and the ampulla of the vasa deferentia 
in males. These posterior anatomic relationships 
are very important clinically. Since many bladder 
neoplasms arise in the posterior wall adjacent to 
the ureteral orifices, invasive tumor may extend 
into adjacent soft tissue and organs. The close 
anatomic relationship of organs explains why 
hysterectomy and partial anterior vaginectomy 
are commonly performed at the time of radial 
cystectomy in women. Similarly, perivesical soft 
tissue and seminal vesicle involvement is a bad 
prognostic marker in bladder carcinoma in males 
[6–8], a reflection of high pathologic stage. The 
latter is a rare occurrence but these patients do 
not appear to have a similarly bad prognosis 

Fig. 12.2  Median umbilical ligament composed of dense 
fibro-connective tissue. At the time of prosecting, close 
examination of the bladder dome and anterior wall is 
required to visualize this remnant

 

Fig. 12.1  Normal microscopic anatomy of the bladder 
(actin immunohistochemical stain). The urothelium rests 
on a lamina propria composed of connective tissue, ves-
sels, and nerves. A few small wisps of smooth muscle are 
present within, near medium caliber vessels. The under-
lying muscularis propria is composed of thick, compact 
smooth muscle bundles
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unless prostatic stromal invasion is present. The 
two inferolateral surfaces of the bladder face lat-
erally, inferiorly, and anteriorly and are in con-
tact with the fascia of the levator ani muscles. 
The most anterosuperior point of the bladder is 
known as the apex or dome and it is located at 
the point of contact of the superior surfaces and 
the two inferolateral surfaces. It marks the point 
of insertion of the median umbilical ligament and 
consequently is the area where urachal carcino-
mas are located. Sometimes the insertion of the 
medial umbilical ligament is more towards the 
anterior apex.

The trigone is a complex anatomic structure 
located at the base of the bladder and extending 
to the posterior bladder neck. In the proximal and 
lateral aspects of the trigone, the ureters enter 
into the bladder (ureteral orifices) obliquely. The 
muscle underlying the mucosa in this region is a 
combination of smooth muscle of the longitudinal 
layer of the intramural ureter and detrusor muscle 
[9–13]. The intramural ureter is surrounded by a 
fibromuscular sheath (Waldeyer’s sheath), which 
is fused into the ureteral muscle (Fig. 12.3). This 
fibromuscular tissue fans out in the area of the 
trigone and mixes with the detrusor muscle, thus 
fixing the intramural ureter to the bladder. As the 
bladder distends, the surrounding musculature 
exerts pressure on the obliquely oriented intra-
mural ureter, producing closure of the ureteral 
lumen and thus avoiding reflux of urine. During 

micturition, there is contraction of the bladder 
musculature which also closes the intramural 
ureter. The bladder neck is the most distal portion 
of the bladder. It is the area where the posterior 
and the infero-lateral walls converge and open 
into the urethra (Fig. 12.4). The bladder neck 
is formed with contributions from the trigonal 
musculature (inner longitudinal ureteral muscle 
and Waldeyer’s sheath), the detrusor muscula-
ture, and the urethral musculature [9–14]. The 
internal sphincter is located in this general area, 
with major contributions from the middle circu-
lar layer of the detrusor muscle. In the male, the 
bladder neck merges with the prostate gland and 
one may occasionally observe several prostatic 
ducts present in this area (Fig. 12.4).

The bladder bed (structures on which the blad-
der neck rests) is formed posteriorly by the rectum 
in males and vagina in females. Anteriorly and 
laterally it is formed by the internal obturator and 
levator ani muscles as well as the pubic bones. 
These structures may be involved in advanced 
tumors occupying the anterior, lateral, or bladder 
neck regions and render the patient inoperable 
except in a salvage setting, in order to relieve 
local symptoms.

Fig. 12.4  Bladder neck. Notice displacement of muscle 
fibers of the muscularis propria towards the lumen of the 
bladder, compressing the lamina propria. There is inter-
mingling of muscle fibers of the muscularis propria and 
the musculature of the prostate

 

Fig. 12.3  Intramural ureter. At this site, the ureter exhib-
its a variable amount of lamina propria and longitudinal 
fibers of its own muscularis propria, which intermingle 
with the muscularis propria of the bladder
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Microscopic Anatomy

The urinary bladder, ureter, and renal pelvis for 
the most part have a similar anatomic composi-
tion, the innermost layer being an epithelial lin-
ing and, extending outwards, a lamina propria, 
smooth muscle (muscularis propria), and adven-
titia (Fig. 12.1). The superior surface of the blad-
der comes in contact with parietal peritoneum 
and hence has a serosa. The anatomic landmarks 
are used clinically and pathologically to stage 
patients with urothelial cancer in order to choose 
therapy and estimate survival. For this reason, it 
is important to accurately identify them micro-
scopically.

Urothelium

The urinary bladder is lined by urothelium, for-
merly referred to as “transitional mucosa.” The 
thickness of the urothelium will vary according 
to the degree of distension and anatomical loca-
tion; in the contracted bladder, it is usually six to 
seven cells thick. One can identify three regions: 
the superficial or “umbrella” cells which are in 
contact with the urinary space, the intermediate 
cells, and the basal cells which lie on a basement 
membrane [15, 16] (Fig. 12.5). In practice, the 
thickness of the urothelium is dependent not only 
on the degree of distension but also on the plane 
on which the tissue is cut. If the cut is tangen-
tial to the basement membrane, it is possible to 
generate an artificially thick mucosa. For these 
and other reasons, we feel that urothelial thick-
ness is at best of marginal utility in the evaluation 
of urothelial neoplasms. For the most part, the 
diagnosis of in situ urothelial carcinoma should 
be based of the degree of cytologic atypia and 
disorder.

Superficial (umbrella) cells are large, ellipti-
cal cells which lie umbrella-like over the smaller 
intermediate cells [15–18]. They may be binucle-
ated and have abundant eosinophilic cytoplasm. 
In a setting of chronic inflammation or intravesi-
cal therapy they can be quite atypical and hy-
perplastic, although the abundant eosinophilic 
cytoplasm remains. In the distended bladder, they 

become flattened and barely discernible. While 
the presence of these cells is taken as a sign of 
normalcy of the urothelium, one must be aware 
that they may become detached due to superfi-
cial erosion, during instrumentation or tissue 
processing in the prosecting area. It is possible 
to see umbrella cells overlying frank carcinoma 
so their presence or absence cannot be used as 
a determining factor of malignancy. Ultrastruc-
tural studies have shown the superficial urothe-
lial cells to be quite unique, exhibiting what has 
been known as the “asymmetric unit membrane” 
(AUM) [17–21], which contains frequent invagi-
nations. When the bladder distends, this unique 
feature allows for an increase in the surface area 
and maintenance of the structural integrity of the 
urothelium.

The intermediate cell layer may be up to five 
cells thick in the contracted bladder, where they 
are oriented with the long axis perpendicular to 
the basement membrane. The nuclei are oval 
and have finely stippled chromatin with absent 
or minute nucleoli. Longitudinal nuclear grooves 
are commonly present. These grooves are rarely, 
if ever, seen in urothelial carcinoma and certainly 
not in high-grade disease. Intermediate cells have 
ample cytoplasm which may be vacuolated. The 
cytoplasmic membranes are distinct and these 

Fig. 12.5  Normal urothelium. The superficial (umbrella) 
cells span the luminal surface. The intermediate cell layer 
exhibits cells arranged perpendicular to the basement 
membrane, with regular nuclear contours, fine chromatin, 
and absent or minute nucleoli. In this section, the basal 
cell layer is inconspicuous but a very thin basement mem-
brane is evident, as well as small capillaries
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cells are attached to each other by desmosomes. 
In the distended state or near an area of super-
ficial erosion, this layer may be inconspicuous, 
only one cell thick and flattened. The basal layer 
is composed of cuboidal cells which are best seen 
in the contracted bladder. They lie on a thin but 
continuous basement membrane [22]. All normal 
urothelial cells may contain glycogen but only 
the superficial cells are occasional mucicarmino-
philic.

Urothelial Variants and Benign 
Urothelial Proliferations

While we have described the microscopic fea-
tures of normal urothelium, we know there are 
many benign morphologic variants. Koss et al. 
studied 100 grossly normal bladders obtained at 
postmortem [23]. Of these, 93 % had either Brunn 
nests, cystitis cystica, or squamous metaplasia. 
It is important to understand this morphologic 
“plasticity” seen in benign urothelium since 
they can mimic variants of urothelial carcinoma 
(Table 12.1).

The most common benign urothelial variant 
is the formation of Brunn nests, which repre-
sent invaginations of the surface urothelium into 
the underlying lamina propria (Fig. 12.6a, b). In 
some cases, these solid nests of benign-appearing 
urothelium may lose continuity with the surface. 

If the proliferation of Brunn nests is profound, 
it can mimic a large nested variant of urothe-
lial carcinoma. Brunn nests can become cystic 
due to accumulation of cellular debris or mucin 
and the term cystitis cystica has been coined to 
describe this phenomenon (Fig. 12.6a). The lin-
ing epithelium of these small cysts is composed 
of one or several layers of flattened urothelial or 
cuboidal epithelium. In can mimic microcystic 
urothelial carcinoma (Fig. 12.6b). In some cases, 
the epithelial lining undergoes glandular meta-
plasia, giving rise to what is called cystitis glan-
dularis. The cells become cuboidal or columnar 
and mucin secreting; some are transformed into 
intestinal-type goblet cells (cystitis glandularis 
with intestinal metaplasia) (Fig. 12.7), and may 
be associated with extravasated mucin. Extreme 
examples can mimic mucinous adenocarci-
noma. Brunn nests, cystitis cystica, and cystitis  

Table 12.1  Proliferative changes in the urothelium and 
the tumors they mimic
Benign variants Carcinoma variants
Brunn nests Nested variant of urothelial 

carcinoma
Cystitis cystica Microcystic carcinoma
Nephrogenic adenoma Adenocarcinoma
Cystitis glandularis 
with intestinal 
metaplasia

Enteric-type adenocarcinoma

Inverted papilloma Urothelial carcinoma with an 
inverted pattern of growth

Fig. 12.6  a Florid proliferative cystitis characterized 
by Brunn nests and cystitis cystica. Notice the abrupt 
interface with the underlying lamina propria, suggesting 

circumscription. b Microcystic carcinoma. The nests of 
tumor are variable in size and shape and exhibit an infil-
trative pattern
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glandularis represent a continuum of prolifera-
tive or reactive changes and it is common to see 
all three in the same tissue sample. Most investi-
gators believe that they occur as a result of local 
inflammatory insult [23–25]. Nevertheless, these 
proliferative changes are seen in the urothelium 
of patients with no evidence of local inflamma-
tion, so that it is possible that they also represent 
either normal histologic variants or the residual 
effects of old inflammatory processes [26, 27]. 
The high incidence of these proliferative chang-
es in normal bladder suggests that they are not 
likely to be premalignant changes and that there 
is no cause-and-effect relationship between their 
presence and the appearance of bladder cancer. It 
is true that one or all of these changes are com-
monly present in biopsy specimens containing 
bladder cancer, but the coexistence may be coin-
cidental or the cancer itself may be producing the 
local inflammatory insult that causes them. The 
fact that exceptional cases may occur in which 
carcinoma clearly arises within the epithelium of 
these reactive lesions does not alter this argument 
[28, 29].

Metaplasia refers to a change in morphology 
of one cell type into another which is consid-
ered aberrant for that location. Urothelium fre-
quently undergoes either squamous or glandular 
metaplasia, presumably as a response to chron-
ic inflammatory stimuli such as urinary tract 

infection, calculi, diverticula, or frequent cath-
eterization [24, 27].

Squamous epithelium in the area of the trigone 
is a common finding in women. It is character-
ized by abundant intracytoplasmic glycogen and 
lack of keratinization, making it histologically 
similar to vaginal or cervical squamous epithe-
lium. In this particular setting, most of us believe 
that squamous epithelium should be regarded as 
a variant of urothelium rather than metaplasia. 
Squamous metaplasia may occur at other sites 
and at times may undergo keratinization and even 
exhibit parakeratosis and a granular layer. Squa-
mous metaplasia is not preneoplastic per se but 
patients with keratinizing squamous metaplasia 
must be monitored closely since some may prog-
ress to squamous carcinoma [30].

Cystitis glandularis is commonly encountered 
in a setting of chronic inflammation or irritation 
and also in cases of bladder exstrophy [31, 32]. 
The epithelium is composed of tall columnar 
cells with mucin-secreting goblet cells, strikingly 
similar to colonic or small intestinal epithelium 
in which one might identify even Paneth cells. 
As with squamous metaplasia, glandular meta-
plasia is not of itself a precancerous lesion but 
may eventually undergo neoplastic transforma-
tion in exceptional cases [32]. Patients should be 
monitored accordingly.

So-called nephrogenic adenoma is a distinct 
lesion characterized by aggregates of cuboidal or 
hobnail cells with clear or eosinophilic cytoplasm 
and small discrete nuclei without prominent nu-
cleoli [33]. These cells line thin papillary fronds 
on the surface or form tubular structures within 
the lamina propria of the bladder. The tubules are 
often surrounded by a thickened and hyalinized 
basement membrane. Variable numbers of acute 
and chronic inflammatory cells are commonplace 
within the bladder wall.

The histogenesis of nephrogenic adenoma is 
still being debated. Some believe it develops sec-
ondary to an inflammatory insult or local injury 
[33–37]. It was originally described in the trigone 
and given its name because it was thought to 
arise from mesonephric rests. We now know that 
nephrogenic adenoma may occur anywhere in the  
urothelial tract, although it is most common in  

Fig. 12.7  Florid cystitis glandularis with intestinal meta-
plasia. Notice the transition from normal urothelium with 
prominent, sometimes vacuolated superficial umbrella 
cells to intestinal metaplasia of the surface urothelium 
containing cytologically banal goblet-type cells
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the bladder. It is important in that it may pres-
ent as an exophytic mass mimicking carcinoma 
grossly and suggesting adenocarcinoma micro-
scopically. The benign histologic appearance of 
the cells arranged in characteristic tubules sur-
rounded by a prominent basement membrane 
should provide the correct diagnosis. A very 
interesting publication described nephrogenic ad-
enomas of the bladder in patients that underwent 
renal transplantation [38]. The authors demon-
strated the nephrogenic adenomatous lesions and 
the donor kidneys were clonal, suggestion that 
they developed through a process of shedding of 
donor renal tubule cells followed by implantation 
and proliferation within the bladder. Additional 
support for this hypothesis is postulated by other 
authors who have shown immunoreactivity for 
Pax-2, an antigen expressed in renal tubules [39, 
40]. While this is interesting, it is unlikely to be 
the sole mechanism by which nephrogenic ad-
enoma develops. The true specificity of Pax ex-
pression in this setting remains to be determined 
since it may very well be due to differentiation 
rather than histogenesis.

Inverted papillomas are relatively rare lesions 
that may occur anywhere along the urothelial 
tract and may be confused clinically and patho-
logically with urothelial carcinoma, specifically 
urothelial carcinoma with an inverted pattern 
of growth [41, 42]. In order of decreasing fre-
quency, they occur in the bladder, renal pelvis, 
ureter, urethra, and renal pelvis [43–49]. Patients 
usually present with hematuria. Cystoscopi-
cally, the lesions are polypoid and either sessile 
or pedunculated. The mucosal surface is smooth 
or nodular without villous or papillary fronds. 
Microscopically, the surface transitional epithe-
lium is compressed but otherwise unremarkable. 
It is undermined by invaginated cords and nests 
of transitional epithelium, which occupy the 
lamina propria. The accumulation of these endo-
phytic growths gives the lesion its characteristic 
polypoid gross appearance. The urothelial cells 
forming the cords are benign, exhibiting normal 
maturation and few mitoses. They are similar to 
the cells of bladder papillomas, differing only in 
that the epithelial cords are endophytic and con-
sequently more closely packed. Frequently, the 

cells are oval or spindle shaped. Epithelial nests 
may become centrally cystic, dilated, and even 
lined by cuboidal epithelium.

These cords of transitional epithelium in the 
lamina propria represent invaginations, not in-
vasion. As such, there are no fibrous reactive 
changes within the stroma. Although mitotic fig-
ures can be seen, they are rare, regular, and lo-
cated at or near the basal layer of the epithelium. 
Inverted papillomas are discrete lesions and do 
not exhibit an infiltrative border [43, 44]. One 
must be careful not to confuse a nested type of 
urothelial carcinoma infiltrating lamina propria 
with an inverted papilloma.

The etiology of inverted papilloma is unclear. 
Most investigators feel that, similar to other pro-
liferative lesions such as Brunn nests and cystitis 
cystica, they are a reactive, proliferative process 
secondary to a noxious insult. They are not pre-
malignant, although in exceptional cases they 
have been associated with carcinoma [45–47]. 
Given the rarity of this association, we consider 
it incidental.

Lamina Propria

The lamina propria lies between the mucosal 
basement membrane and the muscularis propria 
(Fig. 12.1). It is composed of dense connective 
tissue containing a rich vascular network, lym-
phatic channels, sensory nerve endings, and a 
few elastic fibers [15, 19, 50]. In the deeper as-
pects of the lamina propria of the urinary blad-
der and ureter, the connective tissue is loose, al-
lowing for the formation of thick mucosal folds 
when the viscus is contracted. Its thickness var-
ies, not only with the degree of distention but 
also with the anatomic location. It is generally 
thinner in the areas of the trigone and bladder 
neck and thicker in the dome [51]. In fact, in pa-
tients with urinary outflow obstruction (i.e., pros-
tatic hyperplasia) the bladder neck may contain 
muscularis propria directly beneath the mucosa 
with the lamina propria being virtually indis-
cernible (Fig. 12.4). Within the lamina propria 
lie intermediate-sized arteries and veins. Their 
exact location within the lamina propria may  
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vary but they are usually roughly in the middle. 
Wisps and isolated fibers of smooth muscle are 
commonly found in the lamina propria, usually 
adjacent these vessels, and have been referred to 
as the muscularis mucosae (Fig. 12.8a) [52, 53]. 
These fascicles of smooth muscle are not con-
nected to the muscularis propria and appear as 
isolated muscle fibers but may form a discon-
tinuous thin layer of muscle. Uncommonly, these 
muscle fibers may present as a continuous layer 
of muscle within the lamina propria, thus form-
ing a true muscularis mucosae [53]. Because the 
clinical management of tumors that involve the 
muscularis propria compared to those that invade 
only the lamina propria is so different, a patholo-
gist must make every effort to make this distinc-
tion on biopsies and transurethral dissections 
(Fig. 12.8b). In cystectomy specimens, it is also 
important since it places the patient into a differ-
ent prognostic category. Recent studies have de-
scribed “hyperplastic” muscularis mucosae, de-
fined as muscle bundles within the lamina propria 
that are more than four layers in thickness, thus 
mimicking muscularis propria (Fig. 12.9). These 
bundles may be arranged haphazardly in which 
individual fascicles are oriented in different di-
rections or may have a compact arrangement 
with smooth outlines. When markedly thickened 
(hyperplastic), this pattern can easily be confused 
with muscularis propria (Fig. 12.10) [51, 54]. 

The anatomic relationship of these fibers to the 
overlying urothelium can be severely disrupted 
by inflammation, tumor-related desmoplasia, 
or prior therapeutic intervention, when they 
may be seen immediately beneath the basement 
membrane (Fig. 12.8b). Once again, every effort 
should be made to distinguish these muscle fi-
bers of the muscularis mucosae from muscularis 
propria since a failure to do so will lead to errors 
in tumor staging and treatment. It goes without 
saying that a pathologist should not sign out a bi-
opsy as “urothelial carcinoma invading muscle” 

Fig. 12.9  “Hyperplastic” muscularis mucosae. The mus-
cle fascicles and small bundles are four or more layers 
(fibers) in thickness. Their haphazard orientation and ab-
sence of large compact bundles allow us to identify it as 
muscularis mucosae

 

Fig. 12.8  a Muscularis mucosae. Small fascicles and 
bundles of smooth muscle within the lamina propria. They 
are commonly, but not always, seen adjacent to medium 
caliber vessels. b Wisps of muscle fibers of the muscu-

laris mucosae haphazardly arranged in an area of prior 
biopsy. Notice how close these fibers reach to the ulcer-
ated surface
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because this phrase lacks critical information as 
to the depth of invasion, specifically what level 
of the bladder wall is involved by tumor.

Recent reports have evaluated the ability of 
an antibody directed to smoothelin, a smooth 
muscle-specific contractile protein, in differenti-
ating smooth muscle of the lamina propria from 
muscularis propria. In theory, this protein is ex-
pressed in contractile smooth muscle (muscularis 
propria) but not the fascicles of the muscularis 
mucosae. At this point, its utility remains con-
troversial since some authors find it to be very 
useful while others do not [55, 56]. Occasionally, 
one may encounter fat within the lamina propria 
and muscularis [51, 57]. Its presence on a biopsy 
or transurethral resection should not be interpret-
ed by pathologists as evidence of perivesical fat.

Pathologists are surprised to learn that, in 
terms of prognosis and treatment, urologists and 
urologic oncologists in the recent past grouped 
noninvasive (Ta) and superficially invasive (T1) 
tumors into a single category. It is our opinion that 
this is due greatly to the fact that we as patholo-
gists had trouble agreeing as to what constitutes 
lamina propria invasion. There are many cases of 
pT1 disease which are unequivocal but there is 
an equal number of cases in which invasion is, 
at best, questionable. Pathologist’s interpretation 
in the latter group has been inconsistent and not 

reproducible. While this confusion is partly due 
to the lack of orientation of transurethral biopsy 
specimens and disruption of the normal histo-
logic architecture by tumor or prior therapy, it is 
clear that better parameters are needed to make 
this distinction. In general, there are five histo-
logic criteria that we have found to be of utility 
in identifying superficially invasive disease 
(Table 12.2) [2]. These include the arrangement 
of the neoplastic cells, the presence of capillar-
ies surrounding the tumor cells, assessment of a 
stromal reaction, and the presence of retraction 
artifact and paradoxical differentiation.

There has been great interest in histologic 
substaging of the lamina propria (superficial and 
deep) in order to better stratify patient into more 
precise clinical risk groups [58–61]. I have no 
doubt that in the future this will be the case but 
at this moment there is no agreement on how to 
do it in a reproducible manner and substaging of 
the lamina propria is not advocated by the present 
AJCC-UICC classification of bladder cancer nor 
the College of American Pathologists, although 
pathologists are encouraged to mention whether 

Table 12.2  Useful criteria to determine the presence of 
superficial invasion of the lamina propria
Morphologic feature Explanation
Arrangement of 
neoplastic cells

Isolated cells or nests of tumor 
cells that are variable in size 
and shape

Absence of 
capillaries along the 
basement membrane

No visible capillaries surround 
the invasive tumor nests

Stromal reaction A stromal reaction 
(inflammatory, fibrous, or 
myxoid) different than what 
is seen in areas of the lamina 
propria where there is no 
suggestion of invasion

Presence of 
retraction artifact

Cells retract from adjacent 
stroma, mimicking vascular 
invasion, or micropapillary 
carcinoma

Paradoxical 
differentiation

Tumor cells appear to have 
more voluminous cytoplasm 
than the adjacent, noninvasive 
component

Not all features may be present in any given case. The 
greater number of features present, the greater the 
confidence in establishing a diagnosis of superficial 
invasion

Fig. 12.10  Interface between “hyperplastic” muscularis 
mucosae and muscularis propria. Notice the large com-
pact bundles that characterize the muscularis propria 
(right), compared to the haphazard arrangement seen in 
the muscularis mucosae (left)

 



182 V. E. Reuter

lamina propria invasion is “superficial” or “deep” 
[62, 63]. Some investigators have suggested mea-
suring the distance from the nearest intact base-
ment membrane to the deepest point of invasion 
whereas others have suggested using the medium 
caliber vessels of the muscularis mucosae pres-
ent within the lamina propria as accurate ways to 
substage these tumors. Some studies have shown 
a good correlation with disease recurrence and 
progression. However, none of these studies have 
been validated across multiple institutions. Given 
the lack of orientation of cystoscopic samples 
and the host of confounding factors mentioned 
above, arriving at consensus on the issue will re-
main a challenge for some time.

Muscularis Propria

The muscularis propria is said to be composed of 
three smooth muscle coats, inner and outer longi-
tudinal layers, and a central circular layer. In fact, 
these layers can only be identified consistently in 
the area of the bladder neck. In other areas, the 
longitudinal and circular layers mix freely and 
have no definite orientation. In the contracted 
bladder, the muscle fibers are arranged in rela-
tively coarse bundles, which are separated from 
each other by moderate to abundant connective 
tissue containing blood vessels, lymphatics, and 
nerves. Mature adipose tissue may also be pres-
ent. Muscularis propria may be present even in 
small cold cup biopsy specimens, and can be 
identified by the size of the muscle bundle and 
its compact appearance (Fig. 12.11). Similar 
to other layers, the thickness of the muscularis 
propria will vary from patient to patient. Jequier 
et al. [64] performed sonographic measurements 
of the bladder wall thickness in 410 urologically 
normal children and 10 adults. They found that 
the bladder wall thickness varied mostly with the 
state of bladder filling and only minimally with 
age and gender. The bladder wall had a mean 
thickness of 2.76 mm when empty and 1.55 mm 
when distended.

For staging purposes, the muscularis propria 
has been divided into two segments, superficial 

and deep (T2a and T2b, respectively) [62]. No 
anatomical landmarks can be used to make this 
distinction so that it must be done by direct vi-
sualization on the light microscope of the full 
thickness of the bladder. Substaging of the mus-
cularis propria can only be done at the time of 
cystectomy, never on transurethral resection or 
biopsy. Importantly, prior transurethral resec-
tion will alter the anatomy of the site and mask 
normal landmarks, making proper staging dif-
ficult, if not impossible (Fig. 12.12a, b). In ad-
dition, some invasive urothelial carcinomas are 
associated with extensive stromal desmoplasia in 
which case establishing the depth of invasion is 
equally difficult.

Perivesical soft tissue involvement is con-
sidered pathologic stage pT3 and is defined 
as perivesical fat invasion beyond the level of 
muscularis propria. As previously mentioned, 
this can only be established at the time of cys-
tectomy. Although this categorization seems 
to be straightforward, it is anything but simple 
(Fig. 12.13). The boundary between the muscu-
laris propria and perivesical tissue may be poorly 
defined due to inherent and anatomic reasons or 
may exhibit post therapy (biopsy, radiation ther-
apy of chemotherapy) changes, tumor-related 
stromal desmoplasia, and inflammation. A study 
by Ananthanarayanan et al. [65] demonstrated 
a significant level of interobserver variability 

Fig. 12.11  Cold cup biopsy of the bladder containing 
muscularis propria. The large and compact nature of the 
smooth muscle bundle defines it as muscularis propria 
rather than hyperplastic muscularis mucosae
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among expert urologic pathologists in assessing 
perivesical involvement by tumor in equivocal 
cases. The study also highlighted the fact that 
tumor emboli within lymphovascular spaces 
should not be used to establish the presence of 
muscularis propria or perivesical soft tissue in-
volvement.

Invasion into adjacent organs is considered 
pT4 [66]. Examples include extension into pros-
tatic stroma, uterine or vaginal wall, bowel, and 

pubic bone. Involvement of the surface urothe-
lium of the urethra or ureter does not constitute 
pT4 disease although it places the patient at a 
higher risk of recurrence.

Bladder Diverticula

Bladder diverticula are relatively common, yet 
their etiology remains controversial. Most in-
vestigators agree that they develop secondary to 
increased intravesical pressure as a result of ob-
struction distal to the diverticulum [67–69]. The 
obstruction brings about compensatory muscle 
hypertrophy and eventual mucosal herniation 
in areas of weakness. Others feel that at least 
some diverticula are a consequence of congenital 
defects in the bladder musculature, citing as evi-
dence cases of diverticula in young patients with-
out evidence of obstruction [69, 70]. The most 
common sites of diverticula are (a) adjacent to 
the ureteral orifices, (b) the bladder dome, and (c) 
the region of the internal urethral orifice. Grossly, 
one sees distortion of the external surface of the 
bladder. The diverticula may be widely patent 
but are usually narrow in symptomatic patients. 
The mucosa adjoining the diverticulum is usually 
hyperemic or ulcerated. There may be epithelial 

Fig. 12.12  a Biopsy site change seen at the time of cys-
tectomy. Notice that the area of fibrosis goes beyond the 
superficial layer of the muscularis propria with intact 
muscularis propria seen lateral and deep to the biopsy 
site where the anatomic landmarks are entirely obscured.  

b Higher-power view of the biopsy site compose of fi-
brosis, inflammation, and foreign body reaction. If tumor 
cells were seen within this area, it would be impossible to 
establish the depth of invasion

 

Fig. 12.13  Interface between muscularis propria and 
perivesical soft tissue. Notice the irregular contour of this 
interface which makes establishing early pT3 invasion 
challenging
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hyperplasia. Very commonly, there is inflamma-
tion involving the lamina propria. The wall of 
the diverticulum itself consists of urothelium and 
underlying connective tissue, specifically lamina 
propria. By definition, there is no muscularis pro-
pria in an acquired bladder diverticulum although 
muscularis propria of the bladder is present 
immediately adjacent to the os (Fig. 12.14a). The 
lamina propria may contain muscularis mucosae 
that is commonly thickened and hyperplastic 
(Fig. 12.14b). It rarely forms tight muscle bun-
dles but rather appears as longitudinally arranged 
smooth muscle fascicles. This fact has direct im-
plications on the staging of tumors arising in di-
verticula. Tumors can be either noninvasive (pTa 
or CIS), pT3 or pT4; there is no such thing as pT2 
disease unless the tumor invades the muscularis 
propria of the bladder wall adjacent to the diver-
ticulum (Fig. 12.14a). The rarely encountered 
true “congenital” diverticulum contains a thinned 
outer muscle layer.

Urachal Remnant

The anatomy of a urachal remnant will depend 
on its location. Since the median umbilical liga-
ment stretches from the umbilicus to the blad-
der dome, urachal remnants can be encountered 
along its entire length. The epithelial remnant 
will be surrounded be a fibrous wall, the com-
position of the median umbilical ligament 
(Fig. 12.2). If the urachal remnant is within the 
bladder wall, this fibrous covering will be sur-
rounded by either lamina propria or muscularis 
propria. If the remnant is in the apical perivesical 
soft tissue, it will be surrounded by fibroadipose 
tissue while if it arises more proximally, it will be 
surrounded by soft tissue of the anterior abdomi-
nal wall (Fig. 12.15a, b). It goes without saying 
that pathologic staging of tumors arising within a 
urachal remnant must be staged according to its 
specific anatomical location [71–73].

Fig. 12.14  a Bladder diverticulum. Muscularis propria 
is present only in the bladder wall adjacent to the diver-
ticulum. It is common for the os to contain biopsy site 
changes since it is frequently involved by tumor at the 
time of cystoscopic examination. b Bladder diverticulum. 

The wall is composed of lamina propria containing a hy-
perplastic, longitudinally arranged muscularis mucosae, 
surrounded by peridiverticular soft tissue. No muscularis 
propria is present
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Introduction

Numerous histologic grading or classification sys-
tems have been applied to urothelial neoplasms, 
but the World Health Organization (WHO) 2004/
International Society of Urological Pathology 
(ISUP) system [1] is now widely accepted by pa-
thologists and by both the American Urological 
Association and the American Joint Committee 
on Cancer [2]. This system was originally pro-
posed in 1998 by the ISUP consensus commit-
tee [3] and subsequently adopted by the WHO in 
2004 [1]. It replaced the WHO 1973 classifica-
tion system [4], which was the most widely uti-
lized system prior to 1998. This chapter addresses 
the current WHO/ISUP histologic criteria for the 
grading/classification of both papillary urothelial 
neoplasia and flat urothelial  lesions with atypia.

Flat Urothelial Lesions with Atypia

Reactive Urothelial Atypia

Reactive urothelial atypia most often occurs in 
a background of acute and chronic inflammation 
associated with infection, urinary calculi, in-
dwelling catheters, or prior intravesical therapy. 
The associated inflammatory cells are commonly 
intraurothelial, but may also involve the lamina 

propria. Typically, the individual urothelial cells 
have uniform nucleomegaly with evenly dis-
tributed, fine nuclear chromatin (Fig. 13.1a, b). 
The nuclear enlargement is typically less than 
three times the size of a lymphocyte, and the 
nuclei maintain a rather monomorphic appear-
ance with regard to size and shape. Prominent 
pinpoint nucleoli, or multiple small nucleoli, are 
also common. The cytoplasm of the reactive cells 
may have a slightly more basophilic appearance 
than seen in normal urothelium. Mitotic activity 
may be easily identified, and may extend into the 
upper layers of the urothelium; however, atypi-
cal mitotic figures are not seen. Reactive atypia is 
typically most severe in the setting of an indwell-
ing catheter or acute calculi. Distinguishing fea-
tures for benign reactive changes and urothelial 
carcinoma in situ are summarized in Table 13.1.

Urothelial Atypia of Uncertain 
Significance

Atypia of uncertain significance is a descriptive 
diagnostic term that is utilized for flat urothelial 
atypias that are difficult to classify as definitively 
reactive or neoplastic. Most commonly, this di-
agnosis is made when the “severity of the atypia 
appears out of proportion to the extent of inflam-
mation such that dysplasia cannot be confidently 
excluded” [1]. The general recommendation for 
patients diagnosed with urothelial atypias of 
this indeterminate type is close clinical follow-
up care, typically with at least continued urine 
 cytology screening.

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_13,
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Urothelial Dysplasia (Low-Grade  
Intraurothelial Neoplasia)

Urothelial dysplasia has been a controversial cat-
egory because of a lack of easily reproducible 
criteria for diagnosis [5, 6]. The original ISUP 
1998 criteria defined urothelial dysplasia as uro-
thelium with “appreciable cytologic and architec-
tural changes felt to be preneoplastic, yet falling 
short of the diagnostic threshold for transitional 
cell carcinoma in situ” [3]. Lesions diagnosed as 
dysplasia often show a degree of nuclear enlarge-
ment that overlaps with reactive atypia, but the 
loss of cellular polarity is typically more promi-
nent. In addition, although mild, the nuclear 
chromatin is more hyperchromatic (Fig. 13.2). 
Nuclear pleomorphism and/or brisk mitotic ac-
tivity would suggest the diagnosis of urothelial 
carcinoma in situ over dysplasia. The potential 

for the over-diagnosis of urothelial dysplasia is 
significant due to the degree of histologic over-
lap with benign nonneoplastic urothelial atypias; 
therefore, the diagnosis of de novo urothelial 
dysplasia (i.e., with no prior history of urothe-
lial carcinoma) should be made only with great 
 caution.

The clinical significance of urothelial dyspla-
sia is not fully known, mainly due to problems 
with varying diagnostic thresholds being utilized 
in different studies. Because of these problems, 
some genitourinary pathologists combine the 
groups of urothelial dysplasia and urothelial 
atypia of uncertain significance for reporting 
purposes. Using this diagnostic approach that 
combines the two categories, the flat atypias 
would be reported as urothelial atypia of uncer-
tain significance with a comment regarding the 
inability to exclude a neoplastic process and a 

Table 13.1  Distinguishing features for benign reactive changes and urothelial carcinoma in situ
Histologic features Reactive atypia CIS
Nucleomegaly Typically less than 3 × size of lymphocyte Often greater than 4 × size of lymphocyte
Nucleoli Often prominent, but small (pinpoint) Variable
Chromatin Fine, evenly distributed Variable clumping, coarseness
Nuclear membrane Smooth, round Irregular
Apoptotic debris Not typical May be prominent
Mitotic activity May be increased (not atypical) May be increased (with atypical forms)
Cytoplasm Often basophilic Often eosinophilic
Nuclear crowding Not typical Often present
Intraurothelial inflammation Typical Not common

Fig. 13.1  Reactive urothelial atypia (H&E). a and b Re-
active urothelial atypia is characterized by mild nuclear 
enlargement with fine, evenly distributed nuclear chroma-

tin and small pinpoint nucleoli. Intraurothelial inflamma-
tory cells are common
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 recommendation for continued follow-up, which 
is the general clinical management strategy for 
either diagnostic category.

Urothelial Carcinoma In-Situ (CIS)

Urothelial CIS is a neoplastic process that has the 
potential to progress to invasive urothelial carci-
noma. The spectrum of cytologic atypia and the 
patterns of architectural growth seen in CIS are 
broad; however, nuclear enlargement is a common 
feature that is often used as an initial histologic 
screening evaluation. The nuclei of the neoplastic 
cells in CIS are often four times or more the size 
of a lymphocyte. These nuclei may be extremely 
anaplastic at one end of the spectrum, but have 
a range to include rather monomorphic nuclear 
atypia in other examples (Fig. 13.3). The nuclei 
may be more rounded, and cellular crowding and 
loss of cellular polarity are common. There may 
also be nuclear membrane irregularity and the nu-
clear chromatin in all cases is typically irregularly 
condensed. Macronucleoli may rarely be present, 
but this feature is not necessary for diagnosis. 
It is important to realize that the nuclear to cy-
toplasmic ratio is not always increased, as many 
examples of CIS have  abundant  eosinophilic 

 cytoplasm. In contrast to prior classification sys-
tems that followed a paradigm similar to cervical 
dysplasia, the ISUP 1998 criteria also clearly stat-
ed that CIS “may be present in the entire thickness 
of the epithelium or only part of it.” Therefore, 
the presence of any high-grade neoplastic cells, 
regardless of extent, warrants a diagnosis as CIS. 
Finally, mitotic figures are commonly identified 
in CIS, including atypical forms.

A number of varying architectural patterns are 
also described and include pleomorphic, mono-
morphic, “small” cell, pagetoid, clinging, and 
undermining (Fig. 13.4a–f) [7]. The pleomorphic 
pattern of CIS is the prototypical and most easily 
recognizable type due to its marked nuclear ana-
plasia. Some examples have more monomorphic 
nuclei, and the diagnosis is based on more sub-
tle nuclear features such as more homogeneous 
nucleomegaly, nuclear hyperchromasia, and ir-
regular nuclear contours. “Small” cell CIS has a 
very high nuclear to cytoplasmic ratio due to the 
presence of minimal cytoplasm; this descriptive 
term does not imply neuroendocrine differentia-
tion. Pagetoid CIS may be histologically subtle 
because the neoplastic cells may be few in num-
ber. The presence of scattered round cells, which 
often have a rim of eosinophilic cytoplasm and 
are histologically distinct from the surrounding 
urothelium, should alert one to this possibility. 

Fig. 13.3  Urothelial carcinoma in situ (H&E). Urothelial 
carcinoma in situ colonizes a von Brunn nest in the lower 
left and lines the surface in the upper left of this photo-
micrograph. The carcinoma in situ cells are markedly en-
larged compared to adjacent normal urothelium, and the 
chromatin is irregular and dark

 

Fig. 13.2  Urothelial dysplasia (H&E). This urothelium 
shows marked architectural disorder of the urothelial cells 
with some mild nuclear enlargement. The cytologic fea-
tures are not sufficient for diagnosis as carcinoma in situ. 
This lesion might be classified as urothelial dysplasia (or 
atypia of uncertain significance cannot exclude flat uro-
thelial neoplasia/dysplasia)
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Denudation of the urothelium is also common 
in CIS; therefore, a single layer of “clinging” 
residual CIS cells may be the only remaining 
neoplastic component. These clinging CIS cells 
are markedly enlarged compared to normal basal 
cells and cytologic atypia may be obvious. Fi-
nally, CIS may extend into adjacent urothelium 
along the basement membrane, lifting up the re-
sidual normal urothelial cells in an undermining 
pattern. To date, there is no known clinical impli-
cation for these varying architectural patterns of 
CIS, and we do not report these individual pat-
terns; however, knowledge of this heterogeneity 
is useful for diagnostic recognition.

Immunophenotypic Analysis of Flat 
Lesions with Atypia

Multiple studies have addressed possible immu-
nophenotypic differences between these types 
of urothelial atypia [6, 8−17]. Cytokeratin 20 
(CK20), CD44 (standard isoform), and p53 are 
the most frequently utilized immunohistochemi-
cal markers in routine practice (Fig. 13.5a–c). In 
normal urothelium, the umbrella cells express 
CK 20, while the basal cell layer may express 
CD44 to a variable extent. P53 expression typi-
cally has significant variation between different 
laboratories because the antibody seems to be 

Fig. 13.5  Immunohistochemistry in flat lesions with 
atypia. a H&E: urothelial carcinoma in situ, pagetoid. b 
CK20/CD44/p53 cocktail: cytoplasmic CK20 and nuclear 
p53 reactivity is seen in the pagetoid CIS cell population 

(both brown chromogen), while cytoplasmic/membra-
nous CD44 is seen in the residual nonneoplastic urothelial 
cells. c CK20: strong and diffuse CK20 immunoreactivity 
is present in the CIS cells

 

Fig. 13.4  Urothelial carcinoma in situ: architectural patterns. a Pleomorphic. b Nonpleomorphic. c “Small” cell. d 
Pagetoid. e Clinging/denuding. f Undermining
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susceptible to subtle changes in staining condi-
tions. Despite this variation, benign urothelium 
should not show diffuse and intense nuclear re-
activity. Reactive atypia has similar CK 20 and 
p53 staining to normal urothelium, but CD44 
often shows more diffuse membranous expres-
sion in the majority of the urothelial cells and 
this staining extends into the upper cell layers. 
CIS, in contrast, shows a loss of CD44 immuno-
reactivity and full thickness expression of CK 20 
in the neoplastic cell population. P53 may show 
diffuse and intense nuclear relativity in a subset 
of CIS cases. Other markers that have been sug-
gested as having utility in the classification of flat 
urothelial lesions include Ki-67, cytokeratin 5/6, 
and p16.

The main problem with these immunopheno-
typic data is that they are based on morphologic 
classification and are, therefore, often studied 
only in cases that are easily diagnosed by routine 
histology. The clinical prognostic significance of 
specific immunophenotypes in urothelial atypias 
has not been adequately addressed in the litera-
ture. In addition, we anecdotally see cases, typi-
cally in an external re-review or consult setting, 
in which the immunophenotype does not fit the 
histologic diagnosis. Until more studies address 
these issues, the classification of flat urothelial 
lesions with atypia should remain based primar-
ily on routine histologic evaluation.

Diagnostic Comments for Flat Lesions 
with Atypia

Urothelium may show gradual histologic chang-
es across a broad continuum that includes normal 
urothelium at one extreme and carcinoma in situ 
with marked nuclear pleomorphism at the other. 
The evaluation and classification of flat urothe-
lial atypias across this continuum is one of the 
most difficult tasks in genitourinary pathology. 
For clinical management, the most important role 
of the surgical pathologist is to set a minimum 
diagnostic threshold for urothelial carcinoma in 
situ based on nuclear size, chromatin irregular-
ity, nuclear membrane irregularity, and cellu-
lar polarity. This threshold should include the 

 monomorphic forms of urothelial carcinoma in 
situ, which were classified as varying levels of 
“dysplasia” or “atypia” in previous classification 
systems. To maintain an appropriate distinction 
from florid examples of reactive atypia, it is rec-
ommended as a general rule that the diagnosis of 
CIS be very carefully re-considered if the indi-
vidual nuclei of the lesional cells are less than 
or equal to the size of three to four lymphocytes.

Papillary Urothelial Neoplasia

Urothelial Papilloma

Under the WHO 2004 classification, very re-
strictive criteria are employed for the diagnosis 
of urothelial papilloma [1, 18−20]. “Urothelial 
papilloma” without qualifiers refers to the exo-
phytic variant of papilloma, defined as a discrete 
papillary growth with a central fibrovascular core 
lined by urothelium of normal thickness and nor-
mal cytology. The low-power papillary architec-
ture is a relatively simple branching pattern with-
out irregular fusion between adjacent papillae 
(Fig. 13.6a–c). The umbrella cell layer is often 
prominent and may show prominent vacuoliza-
tion, nuclear enlargement, or cytoplasmic eo-
sinophilia. Some unusual features that have been 
reported in urothelial papillomas include dilation 
of lymphatic spaces within the papillae, gland-
in-gland patterns, and foamy histiocytes within 
the papillae. This is a rare, benign condition typi-
cally occurring as a small, isolated growth that is 
commonly, but not exclusively seen in younger 
patients.

Papillary Urothelial Neoplasm of Low 
Malignant Potential

These tumors resemble urothelial papillomas, 
but generally have a markedly thickened (hyper-
plastic) urothelial lining (Fig. 13.7a, b). By defi-
nition, the nuclei may be slightly enlarged, but 
there is minimal to absent cytologic atypia. There 
is also normal polarity of the urothelial cells with 
an orderly, predominantly linear arrangement 
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perpendicular to the basement membrane. Mi-
totic figures are infrequent in papillary urothelial 
neoplasms of low malignant potential, and usu-
ally limited to the basal layer. The umbrella cell 
layer is frequently maintained. Like papillomas, 
the papillae of PUNLMP generally have a simple 
branching pattern with discrete, slender papillae, 
but more anastomosis between papillae may be 
seen. These patients, compared to those with pap-
illoma, are at an increased risk of developing re-
current or new papillary lesions that occasionally 
are of higher grade and may progress. The diag-
nosis of PUNLMP should be carefully reconsid-
ered in the presence of stromal invasion because 
that finding would be highly unusual.

Papillary Carcinoma, Low Grade

Low-grade papillary urothelial carcinomas are 
characterized by an overall orderly appearance 
but with easily recognizable variation of architec-
tural and/or cytologic features seen at scanning 
magnification. Variation in cellular polarity (loss 
of the perpendicular arrangement of the urothe-
lial cells to the basement membrane) and nuclear 
size, shape, and chromatin texture comprise the 
minimal criteria for the diagnosis of low-grade 
carcinoma (Fig. 13.8a, b). Mitotic figures are in-
frequent and usually seen in the lower half; but 
may be seen at any level of the urothelium. Tan-
gential sections near the base of the urothelium 

Fig. 13.7  Papillary urothelial neoplasm of low malignant 
potential (PUNLMP) (H&E). a As in papilloma, the pap-
illary architecture of PUNLMP is usually simple, but a 

greater degree of complexity may be seen. b The cytolog-
ic features of PUNLMP appear normal, but the urothelium 
is hyperplastic/thickened compared to papilloma

 

Fig. 13.6  Urothelial papilloma (H&E). a Urothelial pap-
illoma typically has a very simple papillary architecture 
with significant anastomosis between papillae. b The 
urothelium should be evaluated in foci that are not cut 
tangentially. The urothelium appears relatively normal 

with retained polarity of the cells perpendicular to the 
basement membrane. c On high-power magnification, the 
cytology of the urothelial cells is normal. A prominent 
umbrella cell layer with some vacuolization is also a com-
mon feature of papilloma
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may be misleading and result in sheets of imma-
ture urothelium with frequent mitotic activity. A 
spectrum of cytologic and architectural abnor-
malities may exist within a single lesion, stress-
ing the importance of examining the entire lesion 
and noting the highest grade of abnormality.

Papillary Carcinoma, High Grade

High-grade carcinomas are characterized by a 
complex, disordered architecture and moderate 
to marked cytologic atypia. Although the low-
power papillary architecture is frequently com-
plex with obvious anastomosis of adjacent pa-
pillae creating fused, confluent formations, the 
definitional feature for a diagnosis of high-grade 

carcinoma is the cytology of the neoplastic cells 
(Fig. 13.9a–c). Cytologically, there is a spec-
trum of pleomorphism ranging from moderate to 
marked, but obvious nuclear membrane irregu-
larity and irregular, clumped chromatin represent 
the minimal diagnostic criteria. The individual 
neoplastic cells are often more rounded than in 
lower-grade lesions and have a loss of polarity 
in relation to the basement membrane (random, 
nonperpendicular arrangement within the urothe-
lium). Mitotic figures, including atypical forms, 
and apoptotic debris are frequently seen. In tu-
mors with variable histology, the tumor should 
be graded according to the highest grade. High-
grade papillary urothelial carcinomas have a 
much higher risk of progression than low-grade 
lesions. These tumors also have a high risk of 

Fig. 13.9  Papillary urothelial carcinoma, high grade 
(H&E). a This degree of nuclear pleomorphism is des-
ignated as high grade. b and c Some high-grade carcino-
mas are more monomorphic, but have nucleomegaly and 

nuclear chromatin abnormalities beyond the WHO 2004 
threshold for low grade. Such cases would have been clas-
sified as grade 2 under the 1973 classification system, but 
are now regarded as high grade

 

Fig. 13.8  Papillary urothelial carcinoma, low grade 
(H&E). a and b Low-grade carcinomas show disorder of 
the urothelial cells with loss of the linear polarity seen in 

papilloma and PUNLMP; however, the cytologic features 
do not reach the threshold of high-grade carcinoma
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association with invasive disease at the time of 
diagnosis. Paralleling the high-grade cytologic 
atypia within these lesions, the surrounding flat 
urothelial mucosa may also demonstrate urothe-
lial CIS.

Diagnostic Comments for Papillary 
Urothelial Neoplasia

As with flat lesions, the most important his-
tologic distinction is the separation of high-
grade papillary urothelial carcinoma from the 
other types because this represents the clinical 
threshold for intravesical therapy. The thresh-
old for designation as high grade is lower than 
in the 1973 classification system. This change 
was based on data showing that “1973 Grade 2 
carcinomas” could be divided into two groups, 
and that those with more nuclear atypia had a 
lower survival rate [21]. Therefore, cases that 
were previously classified as grade 2 are now 
divided into either high grade or low grade [1]. 
The result is that high-grade carcinoma is now 
more histologically heterogeneous with varying 
levels of cytologic atypia, which allows a larger 
number of patients at higher risk of recurrence/
progression to receive intravesical therapy [22, 
23]. When papillary urothelial neoplasms have 
a mixture of both high-grade and low-grade 
foci, it is generally recommended to assign the 
highest grade. Further study is needed to assess 
the prognostic impact of only focal high-grade 
features. Adjunctive immunohistochemistry has 
also been suggested as a surrogate for histologic 
grade, but this has not been adopted into stan-
dard practice [24−29].

The distinction of papilloma and PUNLMP 
from low-grade carcinoma also requires very 
strict criteria. Superficial umbrella cells are ig-
nored for classification; therefore, any degree of 
architectural disorder, nuclear variation, or nu-
clear hyperchromasia should warrant a low-grade 
carcinoma designation. Also, significant levels of 
mitotic activity should exclude a case as papil-
loma or PUNLMP.

Finally, a subset of biopsies shows very early 
papillary change or undulation that may be early 
papillary neoplasia. In the absence of any epithe-
lial abnormality, this was originally called pap-
illary hyperplasia; however, this category was 
not included in the WHO 2004 edition as it was 
considered to be PUNLMP by many consensus 
participants. As with flat and papillary lesions, 
the main point of clinical relevance is the iden-
tification of any high-grade cytologic features, 
which should be regarded as high-grade papillary 
carcinoma. In some cases with high-grade cytol-
ogy that are difficult to classify as either flat or 
papillary, we render a diagnosis of “urothelial 
carcinoma in situ with early papillary formation.” 
Alternatively, one may simply defer to the clini-
cal cystoscopic impression of a flat or papillary 
lesion. Similarly, in cases with cytologic atypia 
falling short of carcinoma in situ and question-
able early tufting/papillae, we utilize the descrip-
tive diagnostic term “papillary hyperplasia with 
dysplasia.”

Endophytic Urothelial Neoplasia

Inverted (Urothelial) Papilloma

Inverted (urothelial) papillomas typically con-
sist of complex inter-anastomosing cords of 
urothelium within the lamina propria of the uri-
nary tract [30−32]. The amount of intervening 
stroma is variable. There is usually a well-cir-
cumscribed border at the base, and there is often 
a characteristic palisading of basaloid cells at 
the periphery of the nests/cords (Fig. 13.10a–c). 
Centrally within the nests/cords, the neoplastic 
cells may have a spindled appearance or rare-
ly, show nonkeratinizing squamous metapla-
sia. Mitotic figures are rare or absent. Rarely, 
cases are hybrid with different areas of the le-
sion resembling exophytic urothelial papilloma 
and inverted urothelial papilloma; these lesions 
are generally classified as papillomas with both 
exophytic and inverted features. By definition, 
inverted papillomas lack nuclear pleomorphism, 
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nuclear hyperchromasia, or significant mitotic 
activity; however, scattered cells with multinu-
cleation or degenerative-type atypia have been 
described and do not seem to alter the benign 
clinical course [33]. In addition, foamy or vacu-
olated cells are occasionally seen [31]. Central 
cystic change (cystitis cystica-like or colloid 
cyst pattern) has also been described [30]. When 
prominent, this cystitis cystica-like pattern of 
inverted papilloma may have a glandular ap-
pearance at low-power magnification.

When diagnosed by these strict criteria and 
completely excised, inverted papillomas have a 
very low risk of recurrence (less than 1 %). The 
controversy and conflicting reports in the litera-
ture regarding the prognosis of inverted papil-
lomas and their association with carcinoma is 
likely due to endophytic patterns of urothelial 
carcinoma being classified as inverted papilloma 
in the older literature.

Inverted/Endophytic Urothelial 
Neoplasms Other than Papilloma

Endophytic patterns of urothelial carcinoma 
may also closely resemble inverted papillomas, 
but the invaginated cords are typically broader 
with greater variation in size including transition 
to solid areas. In addition, they may have cyto-
logic atypia beyond what is allowed in urothelial 
papilloma (Fig. 13.11a–d) [34, 35].  Carcinomas 

 typically have a greater degree of cytologic 
atypia, do not demonstrate the homogeneous 
basaloid appearance of inverted papillomas, and 
may have a prominent exophytic component that 
does not resemble urothelial papilloma. Any true 
stromal invasion would warrant classification as 
 carcinoma.

Endophytic growth, on its own merit, should 
not be regarded as stromal invasion in urothelial 
carcinomas despite the invagination into the lam-
ina propria. In contrast to irregular small nests 
and clusters of urothelium in invasion, endophyt-
ic growth is characterized by inter-anastomosing 
cords of urothelium with a relatively smooth, 
pushing border. Overlying papillary urothelial 
neoplasms are not uncommon.

This pattern of urothelial neoplasia has been 
addressed in the literature only rarely. It should 
be emphasized that the entire spectrum of uro-
thelial neoplasia can grow in this endophytic 
pattern. We recommend a diagnostic approach 
identical to that used for papillary neoplasms. 
Cases may be classified as urothelial neoplasm 
of low malignant potential, low-grade carcino-
ma, or high-grade carcinoma based on the same 
cytologic and architectural criteria utilized for 
papillary lesions. These endophytic neoplasms 
should also be staged as otherwise typical uro-
thelial carcinoma. Invasion is typically char-
acterized by the presence of irregular nests 
of tumor cells, often with more eosinophilic  
cytoplasm.

Fig. 13.10  Inverted papilloma (H&E). a Anastomos-
ing cord-like growth is the characteristic architecture of 
inverted papilloma. b The cords may be arranged back-
to-back, which may mimic solid growth. c Urothelial 

 papilloma often has palisading of the peripheral nuclei in 
the cords and nests and the central region may be spindled 
with a “stellate reticulum-like” appearance
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d This noninvasive endophytic urothelial carcinoma has 
sufficient nuclear atypia for designation as high grade
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Introduction

This chapter focuses on practical issues concern-
ing the reporting of urothelial carcinoma, which 
should be based on the 7th ed. AJCC Staging 
Manual and the WHO 2004 classification [1, 2]. 
The current AJCC cancer staging guidelines are 
outlined in Table 14.1.

Reporting Stage in Transurethral 
Resection of Bladder Tumor (TURBT) 
Specimens

Invasive Carcinomas

In transurethral resection of bladder tumor 
(TURBT) specimens, the reporting of invasive 
urothelial carcinomas is critical to subsequent 
clinical management. It is recommended that 
bladder biopsy staging evaluation be restricted to 
pT1 and pT2 disease; pT3 and pT4 disease can 
only be diagnosed at cystectomy. Adipose tissue 
is commonly present within the muscularis pro-
pria and may even be seen in the lamina propria; 
therefore, the presence of tumor within adipose 
tissue does not signify a pT3 tumor. At biopsy 
evaluation, the most important histologic distinc-

tion for invasive urothelial carcinoma is lamina 
propria invasion versus muscularis propria 
invasion (i.e., pT1 vs. pT2 disease). Urologists 
typically favor conservative management with 
intravesical treatment regimens for high-grade 
pTa and any pT1 disease. The diagnosis of pT2 
carcinoma is generally the threshold for surgi-
cal management (e.g., radical cystectomy) and/
or radiation therapy. The histologic parameters 
included in the pathology report should allow the 
urologist to easily assign a T stage to the patient, 
and to select the appropriate treatment plan.

Studies suggest that stage is the most impor-
tant prognostic factor in invasive urothelial carci-
noma, independent of grade [3]. This is supported 
by additional studies documenting the capability 
of deeply invasive, cytologically bland carci-
nomas to produce metastases and cause patient 

Table 14.1  Current AJCC cancer staging guidelines. 
(Used with permission from [1])
pT0: No evidence of primary tumor
pTa: Noninvasive papillary carcinoma
pTis: Carcinoma in situ
pT1: Tumor invades subepithelial connective tissue 

( lamina propria)
pT2:Tumor invades muscularis propria
  pT2a: Inner half
  pT2b: Outer half
pT3: Tumor invades perivesical tissue
  pT3a: Microscopically
  pT3b: Macroscopically
pT4: Tumor invades any of the following: prostate (does 

NOT include invasion from the prostatic urethra), 
uterus, vagina, pelvic wall, abdominal wall

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_14,
© Springer Science+Business Media New York 2015
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mortality [4–6]. In our opinion, invasive urothe-
lial carcinomas are biologically high grade.

Some authors have suggested the utility of 
substaging lamina propria invasion based on 
depth measurements or relation to the muscula-
ris mucosae (see Chap. 12). This substaging is 
difficult in practice because bladder biopsies are 
frequently sectioned in a tangential plane making 
orientation difficult to assess. Because of these 
difficulties and lack of an accepted reproducible 
method, substaging has not been adopted under 
the current systems of staging and classification 
(WHO 2004; 7th edition AJCC).

A simple diagnostic template is shown in 
Table 14.2 that includes the relevant diagnostic 
findings needed for patient management. We 
avoid the use of the term “muscle invasion” be-
cause it does not distinguish between carcinomas 
invading muscularis propria (detrusor muscle) 
(pT2) from those invading only muscularis mu-
cosae (pT1). It is best to use the more specific 

anatomic terms “lamina propria” (Fig. 14.1a, b) 
or “muscularis propria” (Fig. 14.2) to describe 
depth of invasion. Including the pT stage in the 
line diagnosis can also help to avoid any misun-
derstanding with regard to anatomic terms. In a 
subset of cases, it may be difficult to definitively 
classify a carcinoma as pT1 or pT2 if fragments 
of smooth muscle are involved in which the dis-
tinction of muscularis propria from muscularis 
mucosae is problematic. In those cases, we use a 
diagnostic term such as “invasive urothelial carci-
noma, indeterminate depth (see comment regard-
ing stage)” with an appropriate comment section.

Noninvasive Carcinomas

For noninvasive tumors, histologic grade is 
the most critical factor as discussed in detail in 
Chap. 13. A diagnostic line such as “non-invasive 
papillary urothelial carcinoma (pTa), high grade 
(WHO 2004/ISUP)” is usually sufficient. Even 
when invasion is not present, we typically report 
the presence or absence of muscularis propria. 
Although these papillary tumors are noninvasive, 
they should not be reported as pTis, which de-
notes flat urothelial carcinoma.

Table 14.2  Diagnostic template for invasive urothelial 
carcinoma. (Alternative differentiation (e.g., squamous) 
or variant subtype should also be included when relevant)
(a) With lamina propria invasion (pT1)
  (i) muscularis propria is present, but is not involved or
  (ii) muscularis propria is not present for evaluation
(b) With muscularis propria invasion (at least pT2)

Fig. 14.1  Invasive high-grade urothelial carcinoma with 
lamina propria invasion (pT1): individual carcinoma 
cells (a) or nests of urothelial carcinoma (b) are present 

within the lamina propria. Notice the presence of stromal 
retraction surrounding some of the nests of invasive car-
cinoma (b)
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Lymphovascular Invasion

Reporting lymphovascular invasion is problem-
atic because stromal retraction (Fig. 14.1b) is a 
common feature in invasive urothelial carcinoma 
that may closely mimic invasion of a blood ves-
sel. There are reports that lymphovascular inva-
sion is an aggressive histologic feature and, al-
though controversial, some urologists will use 
that finding as rationale for definitive surgical 
management when a carcinoma is otherwise 
stage pT1 [7]. It is therefore critical to have a 
high diagnostic threshold for the diagnosis of 
vascular invasion to insure distinction from stro-
mal retraction.

Reporting Stage in Cystectomy 
Specimens

Invasion of Perivesical Tissue

Invasion into perivesical adipose tissue may be 
assessed in radical cystectomy specimens. This 
invasion outside the confines of the bladder wall 
is divided into two types: those that are macro-
scopically identifiable (pT3b) and those that are 
seen only after microscopic evaluation (pT3a). 
Each gross description of a radical cystectomy 
specimen should include a statement that docu-
ments the presence or absence of grossly identifi-
able invasion into perivesical adipose tissue.

Involvement of Prostate Gland

Reports must be carefully written to address uro-
thelial carcinoma that involves the prostate gland. 
If urothelial carcinoma invades through the wall 
of the bladder to involve the prostate gland by 
direct extension, then it is designated as pT4 dis-
ease. Such carcinomas are typically very large 
with extensive permeative growth. This scenario 
must be distinguished from urothelial carcinoma 
that invades into the prostate from a noninvasive 
urothelial carcinoma of the prostatic urethra (i.e., 
noninvasive papillary urothelial carcinoma or 
urothelial carcinoma in situ) or from carcinoma 
in situ that is colonizing prostatic glands. When 
the carcinoma invading the prostatic stroma aris-
es from an adjacent urothelial carcinoma of the 
prostatic urethra (with or without colonization 
of underlying prostate glands) a separate stage 
should be assigned (pT2) using the guidelines 
for a primary urethral carcinoma (i.e., prostatic 
urethra). Using this approach, two stages may be 
assigned if there is invasion in both the urinary 
bladder and the prostatic urethra.

Surgical Margins

The surgical margins for radical cystectomy (or 
cystoprostatectomy) specimens should be han-
dled and reported separately to include the sur-
rounding soft tissue, the ureters, and the distal 
urethra.

Reporting Subtypes/Variants  
of Carcinoma

Since TURBT specimens may provide material 
that is not completely representative of a given 
neoplasm, we exercise caution when reporting in-
vasive carcinoma with alternative differentiation 
(i.e., squamous and glandular histology). If the in-
vasive carcinoma is comprised of only squamous 
elements without a background of noninvasive 
urothelial carcinoma in a TURBT specimen, we 
utilize the diagnostic term “invasive carcinoma 
with squamous features” and include a comment 

Fig. 14.2  Invasive high-grade urothelial carcinoma with 
muscularis propria invasion (pT2)
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regarding the difficulty of distinguishing uro-
thelial carcinoma with squamous differentiation 
from primary vesical squamous cell carcinoma. 
If adjacent keratinizing metaplasia or dysplasia 
are present in the biopsy specimen, then that 
would add support for squamous cell carcinoma. 
If the carcinoma extends to a location where a 
human papillomavirus (HPV)-related squamous 
carcinoma might be considered, we would per-
form adjunctive HPV in situ hybridization stud-
ies for that distinction. The same principles of 
reporting apply to carcinomas that are purely 
gland forming on biopsy, where we use the term 
“invasive carcinoma with glandular features,” as-
suming that secondary involvement by prostatic 
adenocarcinoma has been excluded when rel-
evant. For cases in which the origin is uncertain, 
we include a comment to discuss the differential 
diagnostic possibilities of invasive urothelial car-
cinoma with glandular differentiation, primary 
vesical adenocarcinoma, primary carcinomas of 
the urachus, and direct extension from an adja-
cent anatomic site such as colorectal. Since colon 
carcinomas may colonize the luminal surface of 
the bladder, using the presence of “adenocarci-
noma in situ” for this distinction is problematic. 
Careful radiographic and clinical correlation is 
needed for these distinctions. If a component of 
typical urothelial carcinoma is present, then we 
would render the diagnosis of “invasive urothe-
lial carcinoma with squamous (or glandular) dif-
ferentiation.” In addition, including the percent 
of neoplasm comprised of the alternative compo-
nent by visual estimation is helpful.

For other well described subtypes or variant 
forms of urothelial carcinoma, we generally in-
clude the type in the main diagnostic line such 
as “invasive urothelial carcinoma, micropapil-
lary type” or “invasive urothelial carcinoma 
with small cell differentiation.” Giving the per-
centage of any subtype patterns, when they are 

admixed with typical urothelial carcinoma, is 
useful. As has been discussed in the literature, 
the changes of micropapillary carcinoma exist 
over a morphologic continuum due to varying 
prominence of retraction spaces and tumor nest 
size such that a subset of cases may be difficult to 
classify [8]. For borderline cases, we utilize the 
diagnostic term “invasive urothelial carcinoma 
with features suspicious for early micropapillary 
differentiation.”
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Introduction

Urothelial carcinoma is a challenging diagnostic 
entity for pathologists. Despite the inherent diffi-
culties in grading and staging of urothelial carci-
noma, the additional complexity associated with 
identifying urothelial carcinoma variants may be 
daunting. In this chapter, we will describe the 16 
morphologic variants of urothelial carcinoma, 
highlighting unique properties associated with di-
agnosis and prognosis. In general, urothelial car-
cinoma variants demonstrate similar demographic 
and clinical features as conventional urothelial car-
cinoma, including a male predominance, prepon-
derance in an older patient population, presence 
of irritative voiding symptoms, and micro/macro-
scopic hematuria. On gross examination, lesions 
may appear exophytic or ulcerative, with the rare 
exception of a more complex appearance in some 
instances of micropapillary urothelial carcinoma, 
linitis plastica-like growth in plasmacytoid vari-
ant, and possible mucin production if an extensive 
glandular component is present. It is remarkable 
though that a higher proportion of some variants is 
diagnosed at advanced stage. The definitive diag-
nosis of these urothelial carcinoma variants gener-
ally rests on the microscopic analysis of the tumor 

(Table 15.1). Their unique appearances present a 
façade of morphologic mimics, both benign and 
malignant, that further complicates the recogni-
tion of these rare tumors. Awareness of variants in 
this disease process is critical not only in provid-
ing accurate patient diagnosis, but also in properly 
determining patient care and discussions related to 
prognosis.

Urothelial Carcinoma with Divergent 
Differentiation

Divergent differentiation in urothelial carcinoma 
is a common occurrence, with up to 27 % of uro-
thelial carcinomas reported to show this feature, 
although the reported frequency varies depend-
ing on specimen type and study [1–4]. Most com-
monly, divergent differentiation is represented 
by squamous change within the neoplasm. The 
second most common form of divergent differ-
entiation includes glandular change, identified as 
the presence of glands, small tubules, and occa-
sionally signet ring cells or other glandular-like 
change. In addition to squamous and glandular 
differentiation, many other variants of urothelial 
carcinoma may be present admixed with conven-
tional urothelial carcinoma.

Diagnostic criteria to report “urothelial car-
cinoma with squamous differentiation” entails 
identification of clear-cut squamous features 
within the tumor, including the presence of 
keratin or desmosomes (Fig. 15.1). These find-
ings are present in a background of otherwise 
conventional urothelial carcinoma. Documen-

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_15,
© Springer Science+Business Media New York 2015
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tation of this finding is important, especially in 
instances where metastatic disease develops that 
may contain a squamous morphology. In urothe-
lial  carcinoma with squamous differentiation, the 
differential diagnosis includes squamous cell car-
cinoma of the bladder. The latter is distinguished 
by the presence of a pure squamous morphol-
ogy, irrespective of the in situ component pres-
ent on the surface [5]. In biopsy or transurethral 

 resection specimens, this distinction is difficult 
since the entire lesion may not be represented in 
the material submitted [6]. In such instances of 
incomplete tumor sampling, where an extensive 
squamous cell carcinoma component is present, 
a comment should be included with the report 
that states, “urothelial carcinoma with extensive 
squamous differentiation cannot be excluded 
with certainty. Analysis of the entire lesion it is 

Table 15.1  Variant morphologies of urothelial carcinoma of the bladder
Urothelial carcinoma variants Key morphologic features
Urothelial carcinoma with divergent differentiation

Urothelial carcinoma with squamous differentiation Urothelial carcinoma with clear-cut squamous fea-
tures including keratin production and/or presence of 
desmosomes

Urothelial carcinoma with glandular differentiation Gland-forming urothelial carcinoma consisting of columnar, 
mucinous, signet ring, or intestinal-type cells

Urothelial carcinoma with deceptively benign 
appearance

Invasive urothelial carcinoma composed of cells with over-
all bland cytology; it exhibits the following architectures

Nested urothelial carcinoma Small nests that resemble von Brunn’s nests
Large nested urothelial carcinoma Large nests with pushing border, often connected to surface
Microcystic urothelial carcinoma Small or large nests with lumina or cysts that resemble 

cystitis cystica
Urothelial carcinoma with small tubules Tubular or acinar formation

Micropapillary urothelial carcinoma Noninvasive surface filiform papillae that lack fibrovascular 
core and/or invasive small clusters of tightly packed cells in 
lacunar space with nuclei polarized exteriorly

Urothelial carcinomas with unusual cell morphology
Plasmacytoid urothelial carcinoma Discohesive tumor cells with abundant cytoplasm and 

eccentric nuclei that resemble plasma cells
Urothelial carcinoma with rhabdoid features Tumor cells with abundant cytoplasm and intracytoplasmic 

inclusion that indents and peripherally displaces the nucleus
Lipoid urothelial carcinoma Tumor cells with large or multiple clear cytoplasmic vacu-

oles that indent the nuclei
Clear cell urothelial carcinoma Carcinoma cells with clear cytoplasm that resemble clear 

cell renal cell carcinoma
Urothelial carcinoma with trophoblastic 
differentiation

Three types: (1) HCG production of morphologically 
urothelial carcinoma, (2) admixed trophoblasts in urothelial 
carcinoma, and (3) pure choriocarcinoma of bladder

Lymphoepithelioma-like carcinoma Syncytium of high-grade undifferentiated cells in dense 
background of mainly lymphoplasmacytic inflammatory 
cells

Sarcomatoid urothelial carcinoma Carcinoma with high-grade spindle cells or malignant heter-
ologous elements (e.g., rhabdomyosarcoma, osteosarcoma, 
chondrosarcoma)

Urothelial carcinoma with unusual stromal reaction
Urothelial carcinoma with myxoid stroma and 
chordoid features

Abundant extracellular mucin and floating carcinoma cells 
exhibit varied patterns with no glandular differentiation

Undifferentiated urothelial carcinoma, osteoclast 
rich

Admixture of plump mononuclear cells and large multi-
nucleated osteoclastic giant cells

Undifferentiated urothelial carcinoma Undifferentiated carcinomas containing multinucleated 
anaplastic cells

HCG human chorionic gonadotropin
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required to distinguish urothelial carcinoma with 
extensive squamous differentiation from pure 
squamous cell carcinoma of the bladder.” Al-
though no diagnostic markers are uniformly use-
ful in distinguishing these two entities, several 
studies have evaluated markers that can aid in 
identifying such lesions as being primary to the 
bladder. Specifically, S100P, GATA3, uroplakin 
III, cytokeratin 14, and desmoglein-3 have been 
shown to have utility in many cases in identify-
ing a squamous predominant urothelial lesion as 
being primary to the bladder [7, 8].

The diagnosis of urothelial carcinoma with 
glandular differentiation is slightly less problem-
atic. In general, the adenocarcinoma components 
can show glandular, mucinous, or signet ring cell 
differentiation in the background of conventional 
urothelial carcinoma (Fig. 15.2). The primary 
differential diagnosis in this instance includes 
either direct spread of a colonic carcinoma or 
metastatic spread from an adenocarcinoma at a 
different anatomic location. When approaching 
this differential, the finding of an in situ compo-
nent and/or conventional urothelial carcinoma 
component is helpful in suggesting the lesion is 
primary to the bladder. In cases in which there is 
extensive adenocarcinomatous differentiation, a 
comment should be included stating “we cannot 
definitely exclude secondary spread from a non-
bladder adenocarcinoma, such as colon  cancer. 
Clinical and radiographic assessment of the pa-
tient is required.”

It remains somewhat unclear in the literature 
whether divergent differentiation suggests an 
overall worsened outcome for this patient popu-
lation. In some studies, it has been suggested that 
correction for pathologic stage shows similar 
outcomes for conventional urothelial carcinoma 
and urothelial carcinoma with divergent differen-
tiation whereas other studies suggest that patients 
with divergent differentiation have diminished 
outcomes [9–12]. Further patient-based studies 
that address this question are needed. A second 
clinical concern associated with urothelial carci-
noma with divergent differentiation is response 
to therapy. Several studies have shown a reduced 
response to chemotherapy and radiation therapy; 
however, the relationship to morphology remains 
somewhat unclear [13, 14].

Deceptively Benign-Appearing 
Variants

Nested Urothelial Carcinoma

Archetypical for this group of innocuous-looking 
carcinomas is the nested variant, which at the 
surface closely resembles a benign von Brunn’s 
nest proliferation [15–24]. Diagnosis of nested 
variant can be very difficult in superficial blad-
der specimens. Nested variant is uncommon, 

Fig. 15.1  Urothelial carcinoma with squamous differen-
tiation including keratin pearl formation

 

Fig. 15.2  Urothelial carcinoma with glandular differen-
tiation. Note the presence of surface in situ ( dark arrow) 
and invasive ( open arrow) urothelial carcinoma. The ma-
lignant glands are lined by columnar cells
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encountered in 0.8–2.4 % of cancer cystectomies 
[16, 19]. The percentage of nested morphology 
for diagnosis has not been established, though 
some requires at least a 50 % component [16, 17]. 
Some tumors may be encountered as recurrence 
in patients with prior usual urothelial neoplasm. 
Most nested variant tumors present with a clini-
cally recognizable bladder mass, of which about 
two thirds are locally aggressive [16].

Nested urothelial carcinoma is characterized 
by haphazardly infiltrating nests of bland-ap-
pearing urothelial cells that often extends deeply 
into the muscularis propria (Fig. 15.3a, b). The 
tumor cells have modest eosinophilic cytoplasm 
and predominantly show minimal atypia and 
indistinct nucleoli, although scattered atypical 
cells are invariably present. Mitoses are typically 
rare. The nests are usually solid, well delineated, 
tightly packed, and may show confluence or fu-
sion. The tumor cells may also be arranged into 
cordlike or trabecular patterns. Occasionally, 
small lumina may form within the nests produc-
ing cysts that may contain eosinophilic secretions 
and resemble cystitis cystica. Less commonly, 
focal tubules are also formed intermingled with 
the infiltrating nests. These microcysts and tu-
bules are similar to those seen in microcytic uro-
thelial carcinoma and urothelial carcinoma with 
small tubules discussed below. The intervening 
stroma between the infiltrating tumor nests often 
shows absent or only minimal tissue reaction. 
Lymphovascular invasion is often encountered, 

which can be a helpful hint in the diagnosis. At 
the deeper aspect of invasion, some neoplas-
tic cells may show greater degree of cytologic 
atypia exhibiting larger, more irregular and hy-
perchromatic nuclei. Nested urothelial carcinoma 
is often encountered admixed with conventional 
urothelial carcinoma, the latter identified in more 
than half of tumors with at least 50 % nested mor-
phology [17]. At the surface, no in situ or papil-
lary carcinoma are often identified, where a von 
Brunn’s nest-like proliferation or ulceration is 
appreciated.

Poorer outcome in nested urothelial carcino-
ma is attributed to its tendency to high-stage pre-
sentation. Compared to conventional urothelial 
carcinoma, nested variant has a higher rate for 
locally aggressive disease and nodal involvement 
at 69–82 % and 19–57 %, respectively [16, 17]. 
However, when matched stage for stage, behav-
ior of nested variant is not different from con-
ventional urothelial carcinoma. A recent Mayo 
Clinic study showed a 10-year cancer-specific 
survival of 41 % for nested urothelial carcinoma 
versus 46 % for stage-matched conventional uro-
thelial carcinoma [16].

The main differential diagnoses for nested 
urothelial carcinoma are florid von Brunn’s nests 
and bladder paraganglioma. Morphologic simi-
larities and differences between nested urothelial 
carcinoma and von Brunn’s nests are summa-
rized in Table 15.2. Proliferation markers such 
as Ki67 and other markers such as p53, p27, and 

Fig. 15.3  Nested urothelial carcinoma (a) at the surface where it resembles von Brunn’s nests proliferation and  
(b) invading the muscularis propria
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cytokeratin 20 are not helpful in discriminating 
these two tumors, except when Ki67 is markedly 
high (> 15 %), which may occur albeit only in a 
minority of nested urothelial carcinoma and not 
in von Brunn’s nests. Review of cystoscopy find-
ings and close communication with urologists are 
crucial in the diagnosis of nested urothelial carci-
noma, since most tumors present with a clinically 
appreciable mass concerning for cancer irrecon-
cilable to a von Brunn’s nests consideration.

The “zellballen” pattern of bladder paragan-
glioma mimics the infiltrating nests of nested uro-
thelial carcinoma. Knowledge of clinical infor-
mation is important, since paraganglioma tends 
to occur in a wider age range including patients 
younger than the ones typically affected by uro-
thelial carcinoma, and presents with micturition-
associated hypertension, headache, or dizziness. 
Bladder paragangliomas are often centered deep 
in the muscularis propria and may not involve the 
surface (bottom-heavy). Bladder paraganglioma 
expresses the neuroendocrine markers synapto-
physin, chromogranin and CD56, and the intra-
tumoral sustentacular cells can be  highlighted by 
S100.

Large Nested Urothelial Carcinoma

Large nested urothelial carcinoma is character-
ized by medium-to-large invasive nests with 
pushing border akin to that of a verrucous car-
cinoma (Fig. 15.4). A series of 23 cases was re-
ported from John Hopkins Hospital in patients 
39–89 years old who were mostly men [25]. Sim-
ilar to nested urothelial carcinoma, this variant 

is  mainly composed of urothelial cells that lack 
significant cytologic atypia. Likewise, the tumor 
nests may also form focal cysts and tubules. Un-
like nested urothelial carcinoma, the invasive 
nests are larger, usually connected to the surface, 
and separated by intervening stroma; lympho-
vascular invasion is not common. In addition, a 
surface papillary urothelial neoplasm component 
is more often present, seen in 83 % of tumors. 
The significance of this morphology in terms of 
tumor biology and behavior is still unclear. Most 
reported cases were diagnosed with (at least) 
deep muscle-invasive disease, suggesting simi-
lar behavior to nested urothelial carcinoma. The 
differential diagnosis includes von Brunn’s nests 
and inverted papillary urothelial carcinoma. Un-
like von Brunn’s nests and inverted papillary uro-
thelial carcinoma, large nested urothelial carci-
noma has more variable and irregular nests, have 

Table 15.2  Histological features of nested urothelial carcinoma and florid von Brunn’s nests
Nested urothelial carcinoma Florid von Brunn’s nests

Distribution Haphazard Orderly
Nests Some tightly packed, confluent, or 

fused
Well spaced with regular boundary

Associated microcysts May be present May be present (i.e., cystitis cystica)
Associated well-differentiated glands Absent May be present (i.e., cystitis 

glandularis)
Surface in situ or papillary carcinoma Uncommon Absent
Cytologic atypia Random atypia near surface and more 

conspicuous at deeper aspect
Absent

Muscularis propria invasion Common Absent

Fig. 15.4  Large nested urothelial carcinoma exhibiting 
broad front infiltration with involvement of muscularis 
propria ( arrow)
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 intervening stromal reaction, and may extend 
deep into the muscularis propria. Presence of a 
surface papillary neoplasm component is helpful 
to distinguish it from von Brunn’s nests.

Microcystic Urothelial Carcinoma

This variant is composed of invasive small and 
large cysts of bland-appearing cells that closely 
resemble cystitis cystica (Fig. 15.5) [26–30]. As 
mentioned above, similar cysts are sometimes 
seen focally in nested and large nested urothelial 
carcinomas. There is no established cut-off for 
the proportion of cysts necessary for the diag-
nosis. Some authors have proposed at least 25 % 
cysts formations [31]. The cysts can be small or 
large (1–2 mm) comprised of transitional cells 
and occasional flattened cells. Focal mucinous 
cell change has also been described. Columnar 
cells are typically not present. The lumens of the 
microcysts are often filled with eosinophilic se-
cretions or necrotic cellular debris. Behavior of 
this variant is not known, and probably is similar 
to nested urothelial carcinoma. Microcystic uro-
thelial carcinoma can be distinguished from cys-
titis cystica by its more haphazard, variable, and 
irregular nests, and extension into the muscularis 
propria.

Urothelial Carcinoma with Small 
Tubules

Similar to cysts, small tubular or acinar forma-
tions may be present focally in nested and large 
nested urothelial carcinomas (Fig. 15.6). When 
the invasive tubules predominate, diagnosis of 
urothelial carcinoma with small tubules is ren-
dered. This variant is very rare with less than a 
dozen cases reported [26, 32]. The tubules are 
composed mainly of bland-appearing cuboidal 
cells with random pleomorphism, similar to nest-
ed urothelial carcinoma. Tall columnar cells are 
generally not appreciated in these tubules. The 
tubules infiltrate haphazardly and often invade 
into the muscularis propria. The clinical signifi-
cance of this variant is unknown, and probably is 
similar to nested urothelial carcinoma.

The main differential diagnoses of urothelial 
carcinoma with small tubules include tubules of 
nephrogenic adenoma, cystitis glandularis, Glea-
son grade 3 prostatic adenocarcinoma, and pri-
mary bladder adenocarcinoma. Careful search 
for non-tubular urothelial carcinoma component 
is helpful to distinguish from nephrogenic ad-
enoma and prostate adenocarcinoma. Nephro-
genic adenoma is typically superficial and usu-
ally has a surface papillary component lined by 
a single layer of cuboidal, flat, or hobnail cells. 
The diagnosis of nephrogenic adenoma can be 
confirmed by Pax2, Pax8, and S100P positiv-
ity, and negativity for GATA3 or p63. Prostate 

Fig. 15.6  Nested urothelial carcinoma with focal tubular 
formation

 

Fig. 15.5  Microcystic urothelial carcinoma invading 
muscularis propria
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 adenocarcinoma can be confirmed by PSA, PAP, 
NKX3.1, or PSMA positivity. Both cystitis glan-
dularis and primary adenocarcinoma are lined by 
taller columnar cells and may show Goblet cell 
or mucinous change. Adenocarcinoma exhibits 
greater degree of cytologic atypia than urothelial 
carcinoma with small tubules.

Micropapillary Urothelial Carcinoma

Micropapillary urothelial carcinoma has received 
significant attention in recent years due to both 
distinctive pathology features as well as aggres-
sive biologic behavior. Whereas, micropapillary 
urothelial carcinoma has anecdotally been con-
sidered to present at higher pathological stage, a 
recent study from MD Anderson has confirmed 
the importance of this clinical diagnosis, reported 
on the aggressive nature of this variant, and sug-
gested early therapy (radical cystectomy) to be 
critical to improve patient outcomes [33].

Micropapillary urothelial carcinoma shares 
morphologic features with micropapillary carci-
nomas from other sites [34–36]. Specifically, the 
neoplastic cells form small tight clusters lacking 
a central fibrovascular core, with the nuclei of 
the tumor cells polarized to the exterior surface 
of the clusters (Fig. 15.7a, b). Surrounding the 
tumor cells is a prominent retraction artifact that 
gives the appearance of small epithelial nests 
floating in empty spaces. An in situ variant of 

micropapillary urothelial carcinoma has been 
reported, which has been described as thin, fili-
form exophytic processes on the bladder surface 
that may be highly branched and glomeruloid on 
cross section. Despite a relatively clear-cut defi-
nition, one recent study has shown that there is 
significant interobserver variability in the diag-
nosis of this entity [37]. Although not standard 
practice at many locations, some studies have 
shown that the extent of micropapillary urothe-
lial carcinoma present in the background of an 
otherwise conventional urothelial carcinoma 
may have prognostic significance; however, this 
finding varies across studies [38, 39]. Based on 
these findings, the current convention holds that 
micropapillary differentiation should be reported 
regardless of the percentage of this variant pres-
ent in the tumor [38].

It is important in biopsy and transurethral re-
section specimens to carefully assess for depth of 
tumor invasion, as published reports have demon-
strated that many of these carcinomas are muscle-
invasive (pT2) at the time of diagnosis [34, 38]. 
Thus, it is critical to report when muscularis pro-
pria (detrusor muscle) is absent in the specimen; in 
such cases, a comment that states “micropapillary 
urothelial carcinoma may commonly invade the 
muscularis propria; additional sampling to evalu-
ate muscle invasion is recommended” should be 
included. In addition, many of these tumors show 
angiolymphatic invasion that should also be docu-
mented in the final pathology report [34].

Fig. 15.7  Micropapillary urothelial carcinoma (a) shows small tight clusters of urothelial carcinoma cells in retraction 
spaces. b Lymph node metastasis retains the micropapillary architecture
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The major differential diagnoses for this vari-
ant includes urothelial carcinoma with extensive 
retraction artifact and metastatic carcinoma with 
micropapillary morphology, such as papillary 
serous carcinoma of the ovary. In the latter in-
stance, positive immunohistochemistry for uro-
plakin and CK20 may aid in the final diagnosis, 
especially when correlated with patient history 
and imaging [40]. Additional ancillary tests, in-
cluding MUC1, HER2, and CA125, have been 
studied in micropapillary urothelial carcinoma; 
however, these markers may not reliably distin-
guish all micropapillary urothelial carcinomas 
from conventional urothelial carcinoma with ex-
tensive retraction artifact [41, 42].

A diagnosis of micropapillary urothelial car-
cinoma generally denotes that the tumor will be-
have aggressively. This is supported by the study 
from MD Anderson that showed that not only 
does this tumor type respond less well to Bacillus 
Calmette-Guerin (BCG) and chemotherapy, but 
that 67 % of patients had progression with 22 % 
of patients developing metastatic disease [43]. 
Based on this study, many sites now advocate 
for early cystectomy in patients with micropap-
illary urothelial carcinoma. However, according 
to a recent study from Memorial Sloan-Kettering 
Cancer Center a subset of patients with cT1 mi-
cropapillary urothelial carcinoma managed con-
servatively were not found to have significantly 
worse outcomes compared to patients undergo-
ing early radical cystectomy [44]. It is clear that, 
based on the inherent challenges in the diagnosis 
of this entity, further collaborative efforts and re-
search into identifying objective markers for di-
agnosis are needed.

Plasmacytoid Urothelial Carcinoma

This variant has an unusual composition of infil-
trative discohesive cells with eccentrically placed 
nucleus that resemble plasma cells and poorly dif-
ferentiated carcinomas [45–55]. The complexity 
in diagnosis is confounded by their immunoposi-
tivity to the usual plasma cell marker CD138. 
Reported prevalence of this tumor is about 1 % 
among high-grade urothelial  carcinomas and 

2.7–3.0 % of muscle-invasive urothelial carcino-
mas [53–55]. The tumor may present purely with 
plasmacytoid morphology, although more often, 
it is encountered admixed with high-grade con-
ventional urothelial carcinoma. The amount of 
plasmacytoid morphology varies in published se-
ries, with most reports using a 30 or 50 % cut-off 
[45, 47, 50–52].

Although a discrete bladder mass can often be 
cystoscopically detected, this tumor can also dif-
fusely infiltrate and thicken the bladder wall in a 
linitis plastica-like manner. The tumor infiltrates 
the bladder as cords, small nests, or sheet-like 
growths (Fig. 15.8). Infiltrative cells may also 
be in a single cell pattern reminiscent of invasive 
lobular carcinoma of the breast. The tumor cells 
contain modest to abundant amphophilic to eo-
sinophilic cytoplasm, with low- to intermediate-
grade nuclei distinctively displaced to one side. 
Overall, there is some degree of monotony of 
the tumor cell infiltrates. Occasionally, intra-
cytoplasmic mucin may be focally present and 
may loosely resemble signet ring cells [50]. The 
background stroma often appears edematous or 
myxoid.

Interestingly, one study showed that FGFR3 
and PIK3CA mutations, common in invasive uro-
thelial carcinoma that arises from papillary neo-
plasm, are not detected in plasmacytoid variant 
[46]. Unlike conventional urothelial carcinoma, 
E-cadherin expression is often completely lost in 
plasmacytoid variant including its concomitant 
conventional type [46].

Fig. 15.8  Plasmacytoid urothelial carcinoma
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Most plasmacytoid urothelial carcinoma pres-
ents at a higher stage. A study from MD Ander-
son reported 85 % of patients with at least muscu-
laris propria invasion and 48 % with metastasis or 
locally unresectable tumors [47]. The high-stage 
presentation translates to a poor outcome with a 
reported median survival of only 17.7 months. 
Local spread and recurrence is rather unique 
among urothelial carcinomas where it occurs 
most commonly in serosal surface including the 
peritoneum, where it may present as carcinoma-
tosis [47, 48]. Survival of patients with metastat-
ic disease is poor despite of chemotherapy.

The main differential diagnosis for plasma-
cytoid urothelial carcinoma includes chronic 
 cystitis (or inflammation), plasma cell neoplasm, 
metastatic poorly differentiated carcinomas, par-
ticularly gastric signet ring cell carcinoma and 
lobular carcinoma of the breast, and primary 
bladder signet ring cell adenocarcinoma. Di-
agnosis can be challenging at metastatic sites. 
Although the plasmacytoid variant is frequently 
CD138 positive, it does not exhibit kappa or 
lambda restriction. Keratin AE1/AE3, CK7, or 
CK20 expression helps distinguish plasmacytoid 
urothelial carcinoma from hematopoietic cells. It 
is highly unusual for gastric and breast carcino-
mas to present as an isolated finding in the urinary 
tract; when encountered, they are usually part of 
a widely disseminated disease. The presence of 
admixed conventional urothelial carcinoma, in-
cluding the surface in situ component, is help-
ful in establishing the diagnosis of plasmacytoid 
urothelial carcinoma. Plasmacytoid variant ex-
presses the urothelial-associated marker GATA3, 
which may help in the differential diagnosis [49]. 
Primary signet ring cell adenocarcinoma exhibits 
predominance of tumor cells with intracytoplas-
mic mucin, which is only focally present in plas-
macytoid urothelial carcinoma.

Urothelial Carcinoma with Rhabdoid 
Features

This exceedingly rare morphology typically oc-
curs in association with poorly differentiated 
urothelial carcinomas. Rare examples of “pure” 

malignant rhabdoid tumors of the bladder have 
been described in pediatric patients [56–59]. In 
adults, the only series reported four cases in the 
bladder of men ages 53–86 years [60]. Rhabdoid 
morphology comprised at least 60 % of the tu-
mors that also had an in situ or papillary urotheli-
al carcinoma component [60]. The rhabdoid cells 
are discohesive, infiltrate as single cells, small 
nests, or diffuse sheets (Fig. 15.9). The tumor 
cells are plump oval to round with abundant cy-
toplasm containing intracytoplasmic inclusion 
that displaces the nucleus. The nuclei are large 
with vesicular chromatin and prominent nucleoli. 
High-grade undifferentiated morphology such as 
small cell and sarcomatoid carcinoma may coex-
ist. Keratin expression (dot-like or diffuse) and 
negativity for myogenic markers such as desmin, 
myoD1, or myogenin help establish the epithelial 
lineage. Ultrastructurally, the cytoplasmic inclu-
sion was shown to be whorls of intermediate fila-
ment. In non-vesical carcinomas, the presence of 
rhabdoid morphology has been associated with 
poor outcome. The few reported cases of urothe-
lial carcinoma with rhabdoid features suggest an 
aggressive behavior.

Lipoid (Lipid-Rich) Urothelial 
Carcinoma

This variant is characterized by presence of large 
cells containing large or multiple clear vacuoles 
that indent the nucleus to resemble lipoblasts or 

Fig. 15.9  Urothelial carcinoma with rhabdoid features
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signet ring cells (Fig. 15.10). There are about 35 
examples of this variant reported in the literature 
[61–65]. Almost always, the lipoid carcinoma is 
admixed with conventional or other variants of 
urothelial carcinoma. The lipoid cells comprise 
10–50 % of the tumor. The overall tumor growth 
architecture on low-power magnification is simi-
lar to conventional urothelial carcinoma. The li-
poid cells nuclei show moderate and occasional 
pleomorphism. The cytoplasmic vacuoles are 
optically clear and have been shown to have no 
mucin content. The immunoprofile is similar to 
that of conventional urothelial carcinoma. Most 
patients present with higher stage disease, which 
contributes to a poorer outcome. In a multi-insti-
tutional study of 27 cases, 89 % of lipoid urothe-
lial carcinomas were at least deep muscle inva-
sive, 45 % had lymph node metastasis, and 60 % 
died of disease within 58 months [62].

Clear Cell (Glycogen-Rich) Urothelial 
Carcinoma

Urothelial carcinoma may contain tumor cells 
with clear cytoplasm, and very rarely when these 
cells type predominate, the tumor is considered 
as clear cell urothelial carcinoma. This carcino-
ma is exceedingly rare with less than ten cases 
reported in the bladder [66–70]. The neoplastic 
cells are large with clear cytoplasm and promi-
nent cell border (Fig. 15.11). The tumor may also 
exhibit an alveolar growth reminiscent of clear 

cell renal cell carcinoma. The immunophenotype 
is similar to conventional urothelial carcinoma 
and includes expression of the urothelial-associ-
ated marker GATA3 [67]. The significance of this 
variant in terms of behavior is still unclear.

Lymphoepithelioma-Like Carcinoma

Lymphoepithelioma-like carcinoma is a rare vari-
ant of urothelial carcinoma, with the largest pub-
lished series representing 30 cases [71–75]. This 
variant of urothelial carcinoma demonstrates a 
distinctive appearance, highlighted by the pres-
ence of syncytial nests of carcinoma cells with 
large vesicular nuclei. The tumor cells are often 
masked by a dense inflammatory infiltrates con-
sisting of lymphocytes, plasma cells, eosinophils, 
and occasionally macrophages (Fig. 15.12a, b). 
Lymphoepithelioma-like carcinoma has been re-
ported in both the bladder as well as the upper 
urinary tract [76]. Lymphoepithelioma-like car-
cinoma may be present in pure form or admixed 
with other elements, including conventional uro-
thelial carcinoma, adenocarcinoma, or squamous 
cell carcinoma [71, 73].

The primary diagnostic challenge with lym-
phoepithelioma-like carcinoma is recognizing 
carcinoma cells in a background of dense inflam-
mation. In this context, immunohistochemical 
stains for cytokeratins can aid in the diagnosis. 
In addition, although this variant shares morpho-
logic similarities with Epstein–Barr virus (EBV) 

Fig. 15.11  Clear cell urothelial carcinoma

 

Fig. 15.10  Lipid-rich urothelial carcinoma
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associated carcinoma of the nasopharyngeal 
tract, the carcinomas arising in the urinary tract 
are negative for EBV [77, 78].

Although the series reported in the literature 
are relatively small, it has been suggested that 
for patients with pure lymphoepithelioma-like 
carcinoma, the prognosis is more favorable than 
for patients that have mixed forms of the disease 
[71, 75]. However, other studies suggest similar 
outcomes of either pure or mixed lymphoepithe-
lioma-like carcinoma to conventional urothelial 
carcinoma [73].

Sarcomatoid Urothelial Carcinoma

Sarcomatoid urothelial carcinoma (formerly 
called carcinosarcoma) is an extremely rare but 
aggressive variant of urothelial carcinoma. This 
variant is morphologically defined by the pres-
ence of variable amounts of malignant spindled 
cells that can morphologically mimic a sarcoma 
(Fig. 15.13) [79]. In many instances, a malignant 
epithelial component may be identified that can 
include urothelial carcinoma, squamous cell car-
cinoma, or other variant morphologies [80, 81]. 
Occasionally, an in situ component may be pres-
ent in association with these lesions.

The major category of differential diagnosis of 
sarcomatoid carcinoma includes malignant mes-
enchymal neoplasms. This is especially relevant, 
as sarcomatoid carcinoma can mimic a variety of 

spindle cell lesions including leiomyosarcoma, 
angiosarcoma, and malignant fibrous histiocyto-
ma-like lesions among others [81]. Heterologous 
elements may occasionally be present, such as 
malignant skeletal muscle (rhabdomyosarcoma), 
bone (osteosarcoma), cartilage (chondrosarco-
ma), and others. The diagnosis of sarcomatoid 
urothelial carcinoma is especially relevant when 
the tumor lacks clear-cut epithelial differentia-
tion and/or an in situ component. In such cases, 
immunohistochemistry for pancytokeratin, high 
molecular weight cytokeratins, and p63 can sup-
port the diagnosis of sarcomatoid urothelial car-
cinoma, although often staining for these markers 
may be focal [82, 83].

Fig. 15.13  Spindle cell sarcomatoid urothelial carcinoma 
invading muscularis propria

 

Fig. 15.12  Lymphoepithelioma-like carcinoma (a) composed of syncytium of poorly differentiated carcinoma within a 
dense inflammatory background. b Carcinoma cells are high grade with large nuclei and nucleolomegaly
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The outcome for patients with sarcomatoid 
urothelial carcinoma is poor. Overall survival re-
ported in the literature for this variant was worse 
than urothelial carcinoma, with some studies 
reporting a 5-year overall survival of only 17 % 
[84, 85].

Undifferentiated Urothelial 
Carcinoma with Trophoblastic  
Differentiation

Trophoblastic differentiation in urothelial carci-
noma may occur in three scenarios: (1) by ectopic 
production of β-human chorionic gonadotropin 
(β-HCG) of usual urothelial carcinoma [86–93], 
(2) presence of mixed trophoblastic cells within 
urothelial carcinoma [86, 94–98], or (3) as rare 
“pure” choriocarcinoma of the bladder [99–102]. 
β-HCG production can be detected by immunos-
taining in urothelial carcinoma or by assays of 
serum or urine β-HCG level. Positivity to β-HCG 
was reported in 12–38 % of urothelial carcinoma 
[86–89]. The trophoblastic cells can be syncytio-
trophoblasts interspersed among usual urothelial 
carcinoma cells or as mixed syncytiotrophoblasts 
and cytotrophoblasts in distinct choriocarcino-
matous foci. These neoplastic trophoblasts are 
thought to arise from metaplastic urothelial cells. 
This is supported by the fact that these carcinomas 
develop in the usual older adult age of urothelial 
carcinoma (rather than younger age of germ cell 
tumors), syncytiotrophoblasts are intimately ad-
mixed with urothelial carcinoma cells, β-HCG 
positivity is also present in urothelial carcinoma 
cells, and that bladder choriocarcinoma also oc-
curs with prior urothelial carcinoma. β-HCG is 
suggested to have an anti-apoptotic effect that 
may lead to cell proliferation [103]. Interestingly, 
one report detected isochromosome 12p in pure 
choriocarcinoma of the bladder, an alteration 
common in postpubertal germ cell tumors [102].

Most bladder cancers with trophoblastic dif-
ferentiation present with hematuria; however, 
some patients may have gynecomastia. Grossly, 
presence of choriocarcinoma correlates to a 
hemorrhagic and necrotic tumor. With immu-
nostaining of urothelial carcinomas, β-HCG has 

 propensity to stain the most undifferentiated and 
pleomorphic areas, although it may also stain 
usual urothelial carcinoma cells. β-HCG expres-
sion also tends to localize at the periphery or 
forefront of tumor growth. Syncytiotrophoblasts 
when present are usually randomly distributed 
among urothelial carcinoma cells. Syncytiotro-
phoblasts are large multinucleated cells with 
abundant dense eosinophilic cytoplasm and dark 
smudgy nuclear chromatin. Other types of giant 
cells may be present in urothelial carcinoma, but 
only true syncytiotroblasts are β-HCG positive.

It has been shown that tumors with tropho-
blastic elements have a poorer outcome, and 
that β-HCG production correlates with stage and 
grade [86, 87, 90, 92]. β-HCG positivity is much 
more common in high-grade urothelial carcino-
mas, whereas expression is low or absent in low-
grade urothelial carcinomas [86, 90]. By stage, 
β-HCG expression is seen in 63 % of muscle-
invasive or higher stage tumors and only 24 % of 
noninvasive papillary tumors [87]. β-HCG posi-
tivity correlates with greater propensity for me-
tastasis and poorer survival. β-HCG expression 
was also shown to correlate with poor response to 
radiotherapy (76 % positive), although this was 
not confirmed by a multivariate analysis [104].

Undifferentiated Urothelial 
Carcinoma (Including Giant  
Cell Carcinoma)

This variant of urothelial carcinoma encom-
passes a broad category that generally includes 
otherwise unclassifiable types of urothelial car-
cinoma. The classic definition describes sheets or 
individual undifferentiated and/or pleomorphic 
carcinoma cells that do not otherwise fit into con-
ventional categories of bladder cancer or its vari-
ants [105, 106]. Included in this category are oth-
erwise undifferentiated tumors that contain mul-
tinucleated anaplastic tumor cells with abundant 
cytoplasm and prominent nucleoli. Tumors may 
be present in sheets with cells containing promi-
nent cell borders, as well as individual infiltrat-
ing cells. Often, an association with conventional 
urothelial carcinoma or other bladder cancer 
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variants can be identified in the specimen. The 
most challenging differential diagnosis comes in 
instances of metastatic disease where only the 
undifferentiated component is present. In these 
cases, positive immunohistochemical stains for 
cytokeratins, thrombomodulin, and uroplakin III, 
as well as a correlation with a prior bladder can-
cer histology, can aid in the diagnosis [105, 106].

In general, this variant of urothelial carcinoma 
is extraordinarily rare, with the largest series con-
sisting of eight cases. All patients reported in the 
literature demonstrated at least pT3 disease with 
over 75 % of patients showing lymph node me-
tastasis [105]. It has been reported that up to 75 % 
of patients diagnosed with this variant will die of 
disease within approximately 2 years of diagno-
sis [105, 106].

Urothelial Carcinoma with Myxoid 
Stroma and Chordoid Features

Urothelial carcinoma may contain abundant ex-
tracellular mucin in the absence of glandular dif-
ferentiation. This morphology is rare with less 
than 30 cases reported [107–109]. The extracel-
lular mucin is typically associated with tumor 
cells often arranged in cord-like manner, or as 
microcysts and small aggregates (Fig. 15.14). 
The morphology is somewhat reminiscent of ex-
traskeletal myxoid chondrosarcoma, chordoma, 
or myxomatous yolk sac tumor. The tumor cells 

in the myxoid areas have “low-grade” cytol-
ogy and low mitotic count. No intracytoplasmic 
mucin or glandular differentiation is present. 
Admixed conventional urothelial carcinoma in-
cluding surface papillary carcinoma or in situ 
carcinoma, at least focally, is common. Other 
morphologies such as micropapillary carcinoma, 
squamous differentiation, lymphoepithelioma-
like carcinoma, and sarcomatoid carcinoma may 
occur. The immunostaining pattern is similar 
to conventional urothelial carcinoma including 
CK7 and p63 positivity. The mucinous material 
is positive for colloidal iron and Alcian blue and 
is PAS negative [107].

Most of the cases reported present with high-
stage disease: more than 90 % are (at least) mus-
cle invasive and 75 % have already metastasized 
to lymph nodes [107]. Prognosis is poor and can 
be attributed to the high-stage presentation. The 
main differential diagnosis is mucinous adeno-
carcinoma, which unlike urothelial carcinoma 
with myxoid stroma shows obvious intracellular 
mucin and glandular differentiation including 
positivity for CDX2 and negativity for p63. Myx-
oid cystitis may have chordoid lymphocytes and 
mimic urothelial carcinoma with abundant myx-
oid stroma. Myxoid cystitis, however, contains 
infiltrates of B-lymphocytes with regular round 
nuclei admixed with other polymorphous inflam-
matory cells [110].

Undifferentiated Urothelial 
Carcinoma, Osteoclast Rich

This unusual morphology in urothelial carci-
noma is very rare with less than a hand full of 
cases reported in elderly male 67–88 years of 
age [111, 112]. The tumor exhibits a solid infil-
trative growth of mononuclear cells with evenly 
distributed osteoclast giant cells (Fig. 15.15). The 
mononuclear cells are plump with ovoid to round 
nuclei, vesicular chromatin, and most with mild 
atypia. Focal spindling of mononuclear cells may 
occur. Mitosis is brisk ranging from 5 to 25 per 
10 high power fields with occasional atypical mi-
tosis. The proportion of mononuclear cells and 
osteoclasts varies. The osteoclastic giant cells 

Fig. 15.14  Urothelial carcinoma with myxoid stroma and 
chordoid features
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have abundant dense eosinophilic cytoplasm and 
nuclei can be plentiful reaching up to 50 per cell. 
Giant cells have phagocytic features and may 
contain hemosiderin, erythrocytes, and cellu-
lar debris. The tumor is richly vascularized and 
often with areas of hemorrhage. Aggregates of 
giant cells can be seen around hemorrhage. The 
surface urothelium may show in situ and/or pap-
illary urothelial carcinoma, helpful in establish-
ing a diagnosis as primary tumor. The osteoclasts 
are positive for CD51, CD54, leucocyte common 
antigen (LCA), and CD68. The biologic signifi-
cance of this morphology is still unclear.
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Introduction

Over the last several decades, breakthroughs in 
basic and clinical research have led to an evolu-
tion in the diagnosis and management of bladder 
tumors. Our increased understanding of anatomy, 
tumor biology, and technology has resulted in 
better staging and treatment of these tumors.

Non-muscle-invasive bladder cancer (NMIBC) 
is a chronic disease with varying oncologic out-
comes requiring frequent follow-up and repeated 
treatments. Recurrence (in up to 80 %) is the main 
problem for pTa NMIBC patients, whereas pro-
gression (in up to 45 %) is the main threat in pT1 
and carcinoma in situ (CIS) NMIBC.

Even though uropathologists have tried to 
standardize the protocols, still reproducibility 
of pathologic stage and grade is modest. This is 
a major concern to clinicians due to the differ-
ent prognostic implications. Molecular markers 
are promising for predicting clinical outcome of 

NMIBC, especially because clinicopathologic 
variables alone are not always optimal for indi-
vidual prediction of prognosis. Several obstacles 
and opportunities have been linked to molecular 
markers. The role for molecular markers to pre-
dict recurrence seems limited because multifocal 
disease and incomplete treatment probably are 
more important for recurrence than the molecular 
features of a removed tumor. Prediction of pro-
gression with molecular markers holds consider-
able promise. Nevertheless, the value of molecu-
lar markers over clinicopathologic indexes is still 
being questioned and their clinical use limited. 
One of the reasons may be that reproducibility 
of prognostic (clinical and molecular) markers in 
NMIBC has been understudied.

As a result of all these difficulties in determin-
ing the most appropriate course of action for each 
patient, the medical community has developed 
prediction tools to help in the decision-making 
process.

There are several questions that a patient di-
agnosed with a bladder tumor and the urologist 
must answer before deciding upon a management 
strategy. Firstly, how aggressive is the cancer and 
which is the associated prognosis. Secondly, is 
there any further treatment required?

Hitherto, clinical judgment has tradition-
ally formed the basis for risk estimation, patient 
counseling, and decision making. However, 
humans have difficulty with outcome predic-
tion due to the biases that exist at all stages of 
the prediction process. Clinicians do not recall 
all cases equally, and certain cases can stand 

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_16,
© Springer Science+Business Media New York 2015
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out and exert a disproportionately large influ-
ence when predicting future outcomes. When it 
comes time to make a prediction, we tend to pre-
dict the preferred outcomes rather than the out-
come with the highest probability. Finally, when 
formulating predictions, clinicians can have dif-
ficulty weighing the relative importance of each 
of the many clinical factors that may influence 
the patient’s outcome.

In this chapter, we provide an overview of re-
cent bladder and upper tract predictive tools or-
ganized by clinical stage (NMIBC, MIBC) and 
upper/lower urinary tract. We mention the out-
comes of interest, the number of patients, the spe-
cific features, and predictive accuracy estimates 
of each nomogram; as well as if internal/external 
validation is provided.

Prediction of Disease Recurrence/
Progression in Patients with NMIBC 
History

Since the early 1990s, many authors have made 
heroic efforts to improve risk stratification in 
terms of NMIBC. The British Medical Research 
Council focused on establishing risk groups to 
predict recurrence and progression of Ta and T1 
tumors [1]. These authors demonstrated the im-
portance of disease status at the 3 months cystos-
copy and tumor multifocality as most important 
predictors for recurrence.

In early 2000, a Spanish group [2] assessed 
predictors of recurrence, progression, and can-
cer-specific mortality among 1529 patients with 
NMIBC. Three risk groups were described, with 
tumor grade being the strongest predictor of pro-
gression and thus cancer-specific mortality. Un-
fortunately, this cohort never underwent external 
validation of the results (Table 16.1).

Recently, the European Association of Urol-
ogy (EAU) utilized a larger cohort of patients 
(2596) with NMIBC randomized who received 
all kinds of postoperative intravesical chemo-
therapy. Three risk groups were identified (low 
risk: single lesion, Ta, grade 1 and ≤ 3 cm), in-
termediate risk (Ta–T1, grade 1–2, multifocal, 
> 3 cm) and high risk (any T1, grade 3, multifocal 

or highly recurrent, CIS). Unfortunately, the out-
comes generated from this risk stratification tool 
are difficult to interpret in the present situation. 
Only 200 patients received bacillus Calmette–
Guerin (BCG) as an immediate postoperative 
treatment (gold standard in the treatment of 
NMIBC), no standard second TURBT was per-
formed, and less than 20 % of patients actually 
received an additional intravesical treatment. 
Several authors have tried to externally validate 
this cohort showing an overestimation of the re-
currence and progression rates [3]. The software 
for this model is available on line at http://www.
eortc.be/tools/bladdercalculator.

In 2008, the Spanish Urological Club for On-
cological Treatment published a similar strati-
fication model. A total of 1062 patients treated 
with intravesical BCG were included in the study. 
Recurrence and progression scores were created. 
The BCG maintenance protocol was standard-
ized among the different institutions; however, 
treatments lasted only up to 6 months. Further-
more, the series was graded according to 1987 
TNM classification and the WHO 1973 grading 
system. Neither second transurethral resection 
(TUR) nor immediate instillation was performed. 
Approximately 20 % of the patients had high-
grade (HG) T1 disease and less than 10 % had 
CIS at biopsy, the population where this kind of 
predictive model is mostly needed [3].

The first nomogram in bladder cancer was pub-
lished in 2005 [4]. It was a multi-institutional col-
laboration were the authors estimated the risk of 
recurrence and progression in 2861 patients with 
NMIBC using a urine marker NMP22 (nuclear 
matrix protein 22) and urine cytology. The perfor-
mance of the nomogram was increased by adding 
the urine marker for the three endpoints evalu-
ated: any transitional cell carcinoma (TCC) recur-
rence, recurrence of HG Ta/T1, and recurrence 
higher than T2. The main clinical application in 
this setting for NMP22 is that it could provide a 
means to individualize the cystoscopy follow-up 
in patients with Ta or T1 TCC or CIS by determin-
ing the best timing for repeated cystoscopy (delay 
in cystoscopy follow-up if negative test). The lim-
itations of the study are that it does not consider 
relevant factors such as  previous history of TCC 
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(recurrences and grades) and previous history of 
intravesical therapy. Moreover, the performance 
of the nomogram varied significantly among the 
participant institutions, emphasizing the need for 
external validation of all tools.

Recently, an Egyptian group published nomo-
grams for NMIBC patients from a single institu-
tion [5]. Approximately 74 % of patients received 
intravesical BCG (induction and maintenance). It 
included patients over a 25-year period. The sec-
ond TUR protocol was established in 2003, and 
the grading system includes WHO1973/TNM 
1987. In the analysis no sub-grouping between 
patients prior to 2003 is shown. The accuracy of 
the model for predicting recurrence is less than 
70 %; thus, the clinical applicability of these no-
mograms is moderate, making us wonder if the 
year of TURBT could be actually a predictive 
factor of recurrence.

Preoperative Predictions  
of Pathologic Features  
at Radical Cystectomy

Inaccuracy of clinical staging (TURBT and CT 
scan) is well documented but still remains the 
main determinant in decision making in these pa-
tients [6]. Thus, developing accurate risk models 
in the pre-cystectomy setting would allow accu-
rately determining patients with advanced stage 
and enabling better selection for neoadjuvant 
chemotherapy administration. For this purpose, 
Karakiewicz et al. [7] analyzed 958 patients un-
dergoing radical cystectomy and pelvic lymph 
node dissection with curative intent in order to 
determine factors that could predict advanced 
stage or lymph node positivity. When patient 
age, TUR stage, grade, and presence of CIS were 
included in the nomogram, 75 % accuracy was 
recorded in predicting advanced stage (> T3) 
versus 71 % if TUR alone was used. In terms of 
predicting lymph node positivity 63 versus 61 % 
accuracy was shown.

The pre-cystectomy nomograms provide only 
a modest increase in accuracy. However, there are 
several variables implied in this prediction that 
may have contributed to the suboptimal results 

of the prediction models, such as differences in 
the TUR technique, restaging, and pathological 
evaluation.

Postoperative Predictions After 
Radical Cystectomy

Several post-cystectomy nomograms have been 
developed to predict the natural history of surgi-
cally treated patients and assist in the decision-
making process regarding the use of adjuvant 
therapy after cystectomy [8–10].

The Bladder Cancer Research Consortium 
(BCRC) in 2006 developed a nomogram for pre-
diction of recurrence after radical cystectomy. A 
total of 731 evaluable patients undergoing radi-
cal cystectomy and pelvic lymph node dissec-
tion were included from multiple institutions. 
No central pathology review was performed. The 
2002 TNM classification and WHO 1973 grad-
ing system were used. The accuracy of the AJCC 
(American Joint Committee on Cancer) was ex-
ceeded by 3 % when grouping the different vari-
ables. The recurrence nomogram relied on age, 
pT, pN, lymphovascular invasion (LVI), postop-
erative CIS, neoadjuvant chemotherapy, adjuvant 
chemotherapy, and adjuvant radiotherapy. The 
recurrence probabilities are dictated at 2, 5, and 
8 years.

In the same period, the International Bladder 
Cancer Nomogram Consortium (IBCNC) pub-
lished a nomogram with the predicted risk of 
recurrence after radical cystectomy and lymph 
node dissection at 5 years. It was a multicentric 
study with more than 9000 patients included. 
Age, gender, grade, pathologic stage, histologic 
subtype, lymph node status, and time from di-
agnosis to surgery were significant contributing 
factors to the nomogram. The predictive accu-
racy was in this case 75 % (vs 68 % for AJCC). 
The clear advantage of this IBCNC nomogram is 
that it includes all histologic variants in the deci-
sion making. The BCRC is best suited only for 
Western populations with urothelial carcinoma.

There are several limitations to the above-
mentioned nomograms. Multi-institutional anal-
ysis and nonuniform data collection can make 
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final conclusions inaccurate. In addition, all of 
these data have been obtained from excellent re-
ferral centers where radical cystectomy is a can-
cer operation performed on a daily basis; caution 
should be used when applying these results to the 
real world.

Recently, Xylinas et al. published a nomogram 
to counsel patients after radical cystectomy about 
adjuvant chemotherapy [10]. Two endpoints 
were analyzed, recurrence and cancer-specific 
mortality. A total of 2145 patients with pT1–3 N0 
urothelial bladder cancer who were chemothera-
py naïve were included. Median follow-up was 
less than 5 years. The recurrence probability was 
determined at 2, 5, and 7 years. The nomogram’s 
accuracy for recurrence was 64–67 %, while for 
cancer-specific survival (CSS) was 65–69 %. 
Once more, the clinical applicability of the no-
mogram is questionable. Moreover, the majority 
of patients included in this study currently would 
be candidates for neoadjuvant chemotherapy, 
which has shown a 5 % overall survival improve-
ment, instead of adjuvant chemotherapy.

Only one nomogram has been published re-
garding bladder-sparing treatment in MIBC [11], 
a single center analysis including 325 patients 
with cT2–4a disease treated with radiotherapy. 
The endpoint of the nomogram was prediction 
of complete response rate, disease-specific sur-
vival, and the likelihood of remaining free of re-
currence within the bladder or having had a cys-
tectomy. For all three endpoints the accuracy was 
below 70 %. Once again, the clinical applicability 
of these nomograms is modest in decision mak-
ing in order to preserve or remove the bladder as 
a treatment for curative intent.

As an alternative to nomogram-based model-
ing, Bassi et al. [12] developed an artificial neural 
network (ANN) to overcome the shortcomings 
of conventional statistical methods. ANNs are 
based on software that is easy to use, logical and 
fast, and that imitates low-level brain function to 
“learn” from data used as an example (training 
dataset) and make intelligent predictions given 
new, limited data. In oncology, ANNs have been 
mainly investigated to resolve the diagnostic, 
staging, and prognostic problems of prostate 
cancer. In this model, the authors developed an 

ANN using gender, age at surgery, LVI, pT, pN, 
grade, presence of concomitant prostatic adeno-
carcinoma, and history of upper tract urothelial 
tumors as input variables for prediction of 5-year 
all-cause survival after cystectomy. In a single 
institution cohort with 369 patients, the prognos-
tic accuracy of the ANN was slightly superior to 
the logistic regression model. Unfortunately, the 
comparison of the accuracy of both models was 
performed on the same population that served for 
model development.

Nomograms in Upper Tract 
Transitional Cell Carcinoma

Scattered nomograms have been published for 
upper tract TCC (UTTCC). Unfortunately, be-
cause the incidence of this disease is very low, 
determining survival outcomes is only pos-
sible by joining data from various institutions. 
CSS rates for UTTCC patients vary among se-
ries; however, when tumor is outside the kidney 
boundaries CSS rates decline to less than 25 %. 
Nomogram predictions endeavor to better stratify 
patients with this disease and thus improve mul-
timodal therapy.

The first UTTCC nomogram was published in 
2010 by Margulis et al. [13] as a multi-institu-
tional study with a total of 1453 patients who un-
derwent radical nephroureterectomy with bladder 
cuff resection during a 20-year period. The pur-
pose of the nomogram is determining presurgery 
features that could help identify which patients 
are going to show a non-organ-confined UTTCC 
and thus would be candidates for neoadjuvant 
chemotherapy or deserve retroperitoneal lymph-
adenectomy. On average, 40 % of the patients in 
this report had non-organ-confined UTTCC at 
radical nephroureterectomy, 28 % had systemic 
and/or local recurrence, and 24 % died of the 
UTTCC. No external validation of this cohort has 
been published.

In the same period, another group showed the 
results of a multicenter population-based assess-
ment of the perioperative mortality (90 days) re-
lated to radical nephroureterectomy [14]. A total 
of 3039 patients obtained from the SEER database 
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were studied. Age and clinical stage at surgery 
were the most important predictors of periop-
erative mortality in this population. These factors 
should be taken into consideration in the decision-
making process of aging patients with this disease.

In terms of prediction of survival outcomes, 
two nomograms have reported some light into 
this decision web. Similar SEER database as 
previously reported was used to identify predic-
tors of CSS [15]; once more age and pathological 
stage after radical nephroureterectomy as well 
as tumor architecture and lymphovascular inva-
sion were the most important determinants of 
cancer-specific death. These data bring to the 
clinical decision process a tool to make decisions 
on further treatment requirements after radical 
surgery. Finally, an updated report of the latest 
multi-institutional datasets that includes a total 
of 3387 patients with radical nephroureterectomy 
only (patients with neoadjuvant or adjuvant che-
motherapy were excluded). This data set reports 
similar results as the previous set with age, tumor 
stage, architecture, and LVI as the most relevant 
predictors [16]. See Table 16.2.

Conclusions

Nomograms in TCC, as in any other subgroup 
of diseases, represent a very powerful tool to be 
taken into consideration when in the decision-
making process of a multidisciplinary approach. 

Nomograms currently represent the most ac-
curate and discriminating tool for predicting 
outcomes in patients with bladder and UTTCC. 
In this chapter, we reviewed the most relevant 
nomograms published in the literature regard-
ing TCC especially focusing on the clinical rel-
evance of its components. Patients with bladder 
cancer need to be involved in the decision-mak-
ing process; they should be aware of the available 
options and the consequences of their choices. 
Nomograms are not perfect, but they give us a 
better understanding of the aggressiveness of the 
tumor that we are facing and the odds for cure.
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Introduction

The majority of urothelial carcinomas (UCs) 
are considered to be sporadic, often occurring 
in association with environmental risk factors 
(e.g., smoking, exposure to aromatic amines). 
The past few decades, however, have seen rec-
ognition of an inherited basis for a small but 
increasing proportion of these tumors. Candidate 
gene studies have found that polymorphisms in 
two genes involved in metabolism of toxic com-
pounds, N-acetyltransferase 2 ( NAT2) and gluta-
thione S-transferase μ1 ( GSTM1), play a role in 
bladder carcinogenesis [1]. The slow-acetylator 
phenotype of NAT2 and the GSTM1 null pheno-
type are associated with a 1.4-fold and 1.5-fold 
increase in bladder cancer risk, respectively [2]. 
Subsequent genome-wide association studies 
have identified numerous susceptibility loci for 
bladder cancer [1]. In other cases, inherited UCs 
have been associated with one of several specific 
syndromes, namely, the Hereditary Non-Pol-
yposis Colorectal Carcinoma (HNPCC)/Lynch 
syndrome (LS), hereditary retinoblastoma, and 
Costello syndrome.

It has been suggested that the proportion of 
UCs with a hereditary basis is underestimated. 

Applying a specific set of clinical criteria to 
define suspected hereditary UC (age at diagno-
sis less than 60 years with no previous history 
of bladder cancer, previous history of HNPCC-
related cancer regardless of age, one first-degree 
relative with HNPCC-related cancer diagnosed 
before 50 years of age, or two first-degree rela-
tives diagnosed regardless of age), one group 
estimates that 21 % of patients presenting with 
upper urinary tract UCs may have a hereditary 
cause (specifically HNPCC) [3].

Recognition of a familial basis for UC in a given 
patient has important implications not only for the 
patient’s family members, but also for the patient 
himself: he may be at risk for other malignancies 
for which he should be evaluated (as in HNPCC), 
and there is some evidence to suggest a possible 
difference in treatment response. Specifically, 
when the above-mentioned clinical criteria for sus-
pected hereditary UC are applied to upper urinary 
tract UCs, one study has shown that patients with 
these “hereditary-like” cancers have improved 
overall survival and cancer specific survival after 
radical nephroureterectomy and adjuvant cisplat-
in-based chemotherapy as compared with patients 
with sporadic upper urinary tract UCs [4].

Familial Risk of Urothelial Carcinoma

Several case-control studies and cohort studies 
have examined the relative risk of UC in patients 
with a family history of UC. A recent review 
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article on the subject [5] showed that most of 
these studies reported a relative risk between 1.4 
and 1.9, with the largest case-control study report-
ing a relative risk of 1.5 [6] (95 % CI = 1.2–1.8). 
This increased risk among patients with a posi-
tive family history remains even after control-
ling for smoking; a large Dutch cohort reported a 
smoking-adjusted risk of 1.8 (95 % CI = 1.3–2.7) 
[7]. Thus, the increase in UC risk among patients 
with a family history of UC is not likely due to 
shared environmental exposures alone.

HNPCC (Lynch Syndrome)

LS is the most common syndrome with familial 
UC as a feature. Inherited in an autosomal domi-
nant fashion, LS is caused by a germline muta-
tion in one allele of a gene encoding one of a 
group of DNA mismatch repair proteins, includ-
ing MSH2, MLH1, MSH6, and PMS2. When the 
functional allele is inactivated by mutation or 
epigenetic silencing, replication errors are propa-
gated, resulting in eventual tumorigenesis [8, 9]. 
Lack of mismatch repair proteins can be detected 
by loss of immunohistochemical expression, or 
by observing novel alterations in microsatellite 
regions of DNA (microsatellite instability), an 
artifact of the resultant genetic instability.

Although LS is most commonly associated 
with colorectal carcinomas and endometrial car-
cinomas, UCs of the upper urinary tract are the 
third most common tumor subtype found in this 
population [10, 11]. One of the earliest studies of 
extra-colonic cancers in patients with LS found 
a relative risk of ureteral cancer of 22 times over 
that of the general population [12]. Upper uri-
nary tract UC has been reported as the presenting 
malignancy in up to 21 % of LS patients [11]. The 
increased risk of upper urinary tract UC in LS 
patients has been shown in several studies to be 
more strongly associated with MSH2 mutations 
than MLH1 mutations [8, 11, 13].

Upper tract UCs associated with HNPCC 
have a slightly different epidemiologic profile 
than sporadically occurring tumors, with a me-
dian age at presentation of 56 years (10–15 years 
earlier than usual) [14]. The male-to-female ratio  

is closer to 1:1 as compared with 2:1 for upper 
tract UC in the general population, and ureteral 
tumors seem to predominate over renal pelvis 
tumors (1.3:1), in contrast to the threefold to 
fourfold preponderance of renal pelvis tumors 
over ureteral tumors in the general population 
[11].

The pathologic characteristics of upper urinary 
tract UCs in HNPCC patients overlap substan-
tially but not completely with those occurring 
sporadically. In one study of 39 HNPCC patients 
with upper tract UCs, the majority (88 %) were 
high grade, a finding compatible with that seen in 
sporadic tumors, and 23 % were found to be high 
stage (pT3 or higher) [11].

While no distinctive morphologic feature has 
been definitively associated with HNPCC-asso-
ciated upper urinary tract UCs, the presence of an 
inverted growth pattern has been reported in this 
setting. Although it remains to be proven whether 
inverted growth is definitively associated with 
HNPCC per se, inverted growth has been shown 
to be predictive of microsatellite instability in 
upper tract UCs in general. In one study [15] of 
132 upper tract UCs that were tested for mic-
rosatellite instability by PCR, 35 (26.5 %) were 
found to be microsatellite unstable. The majority 
(65.7 %) of the microsatellite unstable tumors 
had an inverted growth pattern accounting for 
at least 20 % of the tumor volume, a finding that 
was seen in only 17.5 % of the microsatellite 
stable tumors. Although microsatellite instability 
is not always predictive of HNPCC, given this 
strong association between inverted growth and 
microsatellite instability, it seems reasonable to 
consider screening patients with inverted upper 
urinary tract UCs for loss of mismatch repair 
proteins by immunohistochemistry or PCR in an 
effort to diagnose HNPCC, as is currently done 
in colonic and endometrial carcinomas with key 
histologic features.

Initial data suggested that the predisposition 
to UC in patients with LS was limited to upper 
tract disease, with an incidence of bladder cancer 
in LS patients similar to that seen in the general 
population [12] and low rates of microsatellite 
instability in UCs of the bladder [16, 17]. More 
recently, however, an increased risk for bladder  
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cancer has also been found in LS patients, specif-
ically those who carry mutations in MSH2. In a 
Dutch cohort of families with a germline mutation 
in MLH1, MSH2, or MSH6 and their first-degree 
relatives, van der Post et al. [18] found a relative 
risk of bladder cancer in MSH2 carriers and their 
first-degree relatives of 7.0 for men ( p < 0.001) 
and 5.8 for women ( p < 0.15). Nine of the 11 
bladder tumors (82 %) in that study lacked immu-
nohistochemical expression of MSH2, and six of 
the seven (86 %) whose microsatellite instability 
(MSI) status was successfully tested were MSI 
high (MSI-H). A more recent study on a Canadi-
an population [8] reported similar findings. This 
group found an increased rate of bladder cancer 
in patients with MSH2 mutations compared with 
lifetime risks for the general population (6.21 %, 
as compared with the expected 3.6 % for men and 
1.2 % for women). They likewise demonstrated 
loss of MSH2 expression by immunohistochem-
istry in 9 of the 11 tumors (82 %), and found 
MSI-H status in 6 of the 8 (75 %) bladder tumors 
successfully studied for MSI. Most of these blad-
der UCs were high grade and either noninva-
sive (pTa) or invaded the lamina propria (pT1). 
Patients with MLH1 mutations had a bladder can-
cer incidence similar to the lifetime risk of the 
general population.

Hereditary Retinoblastoma

A study by Fletcher et al. [19] identified five 
subsequent UCs of the bladder from among 
144 hereditary retinoblastoma survivors. This 
increased incidence of bladder cancer appears to 
be associated with the presence of the germline 
RB mutation, as these patients did not receive 
high-dose radiation or chemotherapy for treat-
ment of their retinoblastomas. A subsequent study 
[20] found four bladder UCs arising in hereditary 
retinoblastoma survivors, for a standardized in-
cidence ratio of 124 (95 % CI = 34.0–319). An 
increased risk of bladder cancer in hereditary 
retinoblastoma patients is consistent with the 
finding that RB gene mutations play a significant 
role in urothelial carcinogenesis [21].

Costello Syndrome

Costello syndrome is a rare genetic disorder 
associated with postnatal growth deficiency, 
mental retardation, coarse facial features (mac-
rocephaly, sparse and curly hair, low set ears, 
depressed nasal bridge, bulbous nose with ante-
verted nostrils, and thick lips), loose skin, cardiac 
abnormalities, and papillomas. Three patients 
with Costello syndrome have been reported to 
have UCs of the bladder, presenting at age 10, 11, 
and 16. Hematuria was the presenting symptom 
in two cases [22, 23]; the third case presented as 
a bladder mass detected by transabdominal ultra-
sound in a patient with a history of recurrent uro-
thelial papillomas [24]. In all three patients, the 
tumors were low-grade papillary UCs (reported 
as grade 1). Recurrences occurred in two of these 
patients; one a low-grade recurrence and one 
recurrence whose grade was not reported.

As the findings of genome-wide association 
studies are further analyzed and tested by clini-
cal studies, it is hoped that additional genetic 
factors predisposing to UCs (which are the basis 
for at least some of the familial aggregation of 
these tumors) will be identified, and that means 
of reducing that risk will be found.
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Immunohistochemical Markers With 
Diagnostic Value in Bladder Cancer

Immunohistochemistry

In the majority of cases, an accurate diagnosis 
of urothelial carcinoma as well as the presence 
and extent of invasion is achieved by regular 
histological examination without the need for 
ancillary studies such as immunohistochemis-
try (IHC). As discussed below, however, there 
are situations where IHC might be helpful. The 
following are some of the common scenarios. 
Details about new or relevant markers for uro-
thelial differentiation will be reported following 
the section.

Distinction of Reactive Atypia  
from Urothelial Carcinoma In Situ
In flat urothelial lesions, IHC with CK20, CD44, 
p53, and Ki-67 may be utilized to aid in the dis-
tinction of reactive flat urothelial lesions from 
urothelial carcinoma in situ (CIS) [1–3]. In the 
normal state, CK20 (Fig. 18.1a) expression is 
limited to the umbrella cell layer and CD44 

(Fig. 18.1b) stains predominantly the basal cell 
layer. Urothelial CIS is expected to express 
CK20 (Fig. 18.2a) in the majority of tumor cells 
(full thickness) with total loss of CD44 expres-
sion (Fig. 18.2b). CIS is also expected to exhibit 
diffuse labeling with p53 and the proliferation 
marker Ki-67. On the other hand, reactive uro-
thelial lesions are expected to express CD44 with 
the other markers exhibiting limited expression. 
This pattern has been recently shown to aid in the 
differential diagnosis of radiation-induced atypia 
versus urothelial CIS [4].

It is important to note that none of these markers 
should be used individually to establish a malignant 
or benign diagnosis. Aberrant expression of these 
markers is well established and their interpretation 
must be made in the correct context. Moreover, 
IHC should not be used in all cases as a screening 
test, but rather as an adjunctive tool to aid in the 
histological classification of atypical flat urothelial 
lesions or in the de novo diagnosis of CIS where 
the morphologic features are questionable.

Differentiating Urothelial Carcinoma (with 
or Without Divergent Differentiation) 
from Other Carcinomas that Secondarily 
Involve the Urinary Bladder
Distinguishing invasive urothelial carcinoma 
from carcinomas secondarily involving the uri-
nary bladder is of paramount significance and can 
at times be difficult due to significant morpholog-
ic overlap. Prostatic adenocarcinoma, colorectal 
adenocarcinoma, squamous cell carcinoma of 
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the uterine cervix, and to a lesser extent, carcino-
mas of the uterus or ovary, and rarely those from 
breast, lung, stomach, and skin [5, 6], can involve 
the bladder during their course and may present a 
diagnostic challenge primarily in the absence of 
a relevant clinical history regarding the potential 
primary site of origin.

It is important to keep in mind that both squa-
mous and glandular differentiations are common 
findings in primary urothelial carcinoma of the 
bladder but the diagnostic dilemmas can arise in 
cases of pure adenocarcinoma or squamous cell 
carcinoma involving the bladder. The best way 
to solve any potential misdiagnosis is to think of 
the possibility that these tumors can present in 
the bladder and to explore the clinical situation 

of the patient. Having a similar tumor in a site 
where it is more common to have tumors with the 
given morphology is perhaps the strongest clue 
favoring a metastatic origin of the bladder tumor.

Poorly Differentiated Prostatic 
Adenocarcinoma Versus Urothelial 
Carcinoma
These two entities might have morphologic over-
lap and the clinical management implications 
are significant. The history of prostatic adeno-
carcinoma might not be provided or might be 
overlooked. Additionally, some of these patients 
might have received treatments that affected the 
morphological appearance of the prostate cancer, 
further complicating its recognition.

Fig. 18.2  Urothelial carcinoma in situ is expresses CK20 in the majority of tumor cells (full thickness) (a), with loss 
of CD44 expression (b)

 

Fig. 18.1  In normal urothelium and in reactive atypia CK20 expression is limited to the umbrella cell layer (a); CD44 
stains predominantly the basal cell layer, although patchy positivity can be seen in all layers (b)

 



23718 New Molecular Markers with Diagnostic and Prognostic Values in Bladder Cancer

Generally, a panel of markers is useful in 
separating the two entities in the majority of the 
cases. Markers that are supportive of prostatic dif-
ferentiation (Fig. 18.3a) include prostate-specific 
antigen (PSA) (Fig. 18.3b), prostate-specific acid 
phosphatase (PSAP), prostate-specific membrane 
antigen (PSMA), P501s (Fig. 18.3c), NKX3.1 
(Fig. 18.3d), and erythroblast transformation-
specific-related gene (ERG); whereas, markers 
favoring urothelial differentiation (Fig. 18.4a) and 
origin include high molecular weight cytokeratin 
(34βe12), CK7 (Fig. 18.4b), p63 (Fig. 18.4c), 
thrombomodulin, uroplakin III, and recently 
GATA3 (Fig. 18.4d) [7–12].

Obviously not all of these markers are need-
ed in any individual case. It is recommended to 
start with a few markers with high sensitivity and 

specificity and then use additional markers as 
needed. PSA, CK34βe12, and p63 are very use-
ful as a start in the majority of cases.

A unique scenario is the presence of prostatic 
adenocarcinoma with extensive squamous dif-
ferentiation involving the bladder. This is a rare 
situation that occurs primarily postradiation or 
hormone therapy for prostate cancer. The clues 
to the prostatic origin of such a tumor is the clini-
cal suspicious based on the clinical history which 
should prompt careful and extensive examination 
of the tumor to find even the slightest glandular 
differentiation, which would then be confirmed 
by any of the prostatic markers mentioned above. 
It is only logical to keep in mind that these pros-
tatic markers will not be expressed in the compo-
nent with pure squamous differentiation.

Fig. 18.3  Bladder neck tumor from a 70-year-old man with urine cytology positive for urothelial carcinoma (a). Tumor 
cells are positive for PSA (b), P501s (c), and NKX3.1 (d), supporting the diagnosis of prostatic adenocarcinoma
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Colorectal Adenocarcinoma Involving the 
Bladder by Direct Extension or Metastasis 
Versus Primary Bladder Adenocarcinoma 
(Enteric Morphology)
For this differential diagnosis, the clinical his-
tory is also extremely important which should 
include knowledge of the presence of a prior or 
current tumor of the colorectal region, its grade, 
and stage. These tumors may even colonize 
the bladder mucosa giving the impression of a 
“precursor” or “in situ” lesion. Unfortunately, 
IHC currently is of limited value in this differ-
ential diagnosis as tumors with enteric pheno-
type will generally stain similarly regardless of 
the site of origin. There have been suggestions 
that β-catenin might be of value in this scenario 

as it will not label the nuclei of primary bladder 
adenocarcinoma compared to those originating 
from the colorectal region [13–16]. While this 
pattern seems to be of value, nuclear localization 
of β-catenin was still reported in cases of primary 
bladder adenocarcinoma in some of these stud-
ies. Moreover, nuclear localization of β-catenin 
is not universal to all cases of primary colorectal 
adenocarcinoma, and a negative stain (i.e., only 
membranous and or cytoplasmic expression) will 
not exclude a colorectal primary. It is therefore, 
very important to always inquire about the clini-
cal history of the patient for the possibility of 
a primary in the colorectal region when facing 
the diagnosis of enteric adenocarcinoma in the 
urinary bladder.

Fig. 18.4  Bladder mass from a 67-year-old man with 
urine cytology positive for urothelial carcinoma (a). 
Tumor is diffusely positive for CK7 (b), focally positive 

for p63 (c), and diffusely positive for GATA3 (d), sup-
porting the diagnosis of urothelial carcinoma
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Squamous Cell Carcinoma of Uterine Cervix 
Involving the Bladder by Direct Extension 
or Metastasis Versus Primary Squamous 
Cell Carcinoma of the Bladder (or Urothelial 
Carcinoma with Squamous Differentiation)
Bladder involvement by squamous cell carcino-
ma of uterine cervical origin is admittedly rare 
but can still be diagnostically challenging when 
encountered, especially considering that squa-
mous differentiation is rather common in urothe-
lial carcinoma.

A number of markers have shown strong cor-
relation with squamous neoplasms but unfortu-
nately, these markers will not be able to point 
to a specific site of origin for these squamous 
carcinomas. Examples of such markers include 
desmogelin-3, MAC387, and TRIM29, which 
although sensitive markers for squamous pheno-
type, can be positive in squamous cell carcinoma 
of the cervix as well as that of the bladder. These 
markers can also be expressed in the squamous 
component of urothelial carcinoma with squa-
mous differentiation and less commonly within 
the classical urothelial component [17, 18]. This 
is why these markers are not reliable as the sole 
means of establishing a site of origin for a tumor 
with squamous differentiation.

The role of the human papillomavirus (HPV) 
is well established in the vast majority of cervical 
squamous cell carcinoma for which p16 serves 
as a surrogate marker for the detection of HPV 
in these tumors [19, 20]. The expression of p16 
in squamous cell carcinoma of the bladder has 
been shown to be less specific with little if any 
association with HPV infection in such setting 
[21]. There were, however, rare cases of true 
HPV-associated squamous cell carcinoma of the 
bladder and at least in some of them the tumors 
exhibited basaloid morphology and were associ-
ated with a history of neurogenic bladder or other 
situations that required repeated catheterization 
of the bladder [22, 23].

A number of other carcinomas may rarely 
involve the bladder during their course such as 
mammary carcinoma, endometrial or ovarian 
carcinoma, gastric carcinoma, etc. It is prudent to 
review the primary tumor alongside the metasta-
sis. Immunostains might be ordered according to 

the suspected primary tumor, particularly if the 
status of such markers is known in the primary 
site.

Markers for the Differential Diagnosis  
of Spindle Cell Lesions of the Bladder
Many entities exist in the bladder in which spin-
dle cell morphology predominates and range 
from reactive myofibroblastic lesions to frank-
ly malignant (sarcomatous) entities. The main 
categories include inflammatory myofibroblas-
tic tumor/pseudosarcomatous myofibroblastic 
proliferations (IMT/PMP), sarcomatoid urothe-
lial carcinoma, and sarcomas with spindle cell 
morphology (leiomyosarcoma, rhabdomyosar-
coma). There is marked overlap in morphology 
and immunoprofile among these entities and a 
judicious use of IHC in the context of morphol-
ogy plays an important supportive role in this dif-
ferential diagnosis.

Establishing the diagnosis of IMT can be 
aided by the expression of ALK by IHC or the 
presence of ALK rearrangement by fluorescence 
in situ hybridization (FISH) or other molecular 
technique. Since this expression or rearrange-
ment is not present in all cases, a negative test 
does not rule out the diagnosis of IMT [24]. The 
overall morphologic features and the expression 
of other markers such as smooth muscle actin and 
cytokeratins may help. The challenge remains to 
differentiate this entity from a reactive myofibro-
blastic proliferation, which can be exuberant in 
the bladder.

For sarcomatoid urothelial carcinoma, finding 
an unequivocal epithelial component would be 
the ideal scenario but when this is not feasible, 
the presence of epithelial differentiation by IHC 
might be helpful in pointing toward the diag-
nosis of sarcomatoid UC. This can be achieved 
by a number of epithelial markers such as wide 
spectrum cytokeratins (AE1/AE3, CAM5.2…), 
epithelial membrane antigen (EMA), high mo-
lecular weight keratins, and p63. GATA3 might 
be helpful as well but we still do not know its full 
functions in spindle cell lesions in general and 
more studies are needed to assess its value in this 
setting.
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For true sarcomas with specific lineage or dif-
ferentiation such as leiomyosarcoma and rhabdo-
myosarcoma, the diagnosis can be confirmed by 
the markers related to these entities such as actin, 
desmin, myogenin, etc.

The Confirmation of Urothelial 
Differentiation at a Metastatic Site
Generally, urothelial carcinoma presents at meta-
static sites with the morphology of a poorly dif-
ferentiated carcinoma without specific morpho-
logic features. It could be particularly difficult to 
distinguish metastatic urothelial carcinoma from 
metastatic squamous cell carcinoma (or from pri-
mary squamous cell carcinoma in the example of 
a lung tumor). What might be helpful in point-
ing to an origin of a urothelial primary include 
(1) prior history of bladder cancer, which should 
warrant review of the primary tumor if available 
and (2) the presence of divergent differentiation 
(squamous, glandular, etc.).

In these settings, IHC can play a role in estab-
lishing the urothelial origin of such tumors.

Antibodies that can be used to confirm uro-
thelial differentiation/origin include GATA3, 
cytokeratins 7 and 20, high molecular weight 
cytokeratin, p63, uroplakin III, thrombomodulin, 
cytokeratin CK5/6, and S100P [25–28].

It is important to keep in mind that, despite 
their relative specific pattern of expressions, 
none of these markers is by itself diagnostic of a 
primary urothelial carcinoma as certain degree of 
overlap still exists and it may take more than one 
marker to help in this differential.

The Role of IHC in Confirming  
the Presence of Lymphovascular  
Invasion (LVI)
LVI in urothelial carcinoma has been reported to 
be an independent prognostic factor for metasta-
sis, recurrence, and survival [29–31]. Identifying 
LVI, however, can be complicated by the pres-
ence of peri-tumoral stromal retraction, which is 
a relatively common finding in invasive urothe-
lial carcinoma that mimics LVI. This is particu-
larly problematic within the lamina propria. As a 
result, assessing LVI suffers from a considerable 
lack of diagnostic reproducibility, which limits 

its utility as a prognostic finding [32, 33]. If LVI 
is to retain its clinical significance, it should be 
reported with caution and after applying rigid 
criteria for its identification. In this regard, a 
number of endothelial/vascular IHC markers can 
be used to confirm the presence of LVI such as 
CD31, CD34, D2-40, and ERG [34, 35]. It is not 
recommended, however, to use these markers as 
a screening tool in all cases of invasive urothelial 
carcinoma and they should be used only in histo-
logically equivocal cases for confirmation.

The Role of IHC in Staging of Bladder 
Cancer
For the majority of cases, documenting invasion 
in bladder cancer is not problematic by follow-
ing well-established and recognized criteria [36]. 
In cases of ambiguity, however, such as ther-
mal artifact, marked inflammation, or disrupted 
anatomy due to a prior biopsy, applying IHC may 
be helpful. The most commonly used markers 
are cytokeratins (AE1/AE3, CK7, CK8/18). An 
important caveat is the potential staining of stro-
mal myofibroblasts with such epithelial markers.

Documenting tumor invasion of the muscu-
laris propria (MP) is an important parameter in 
staging urothelial carcinoma, upon which major 
management decisions depend, such as proceed-
ing to radical cystectomy or the administration 
of neoadjuvant chemotherapy. The distinction 
between MP and muscularis mucosae (MM), 
although readily achieved by light microscopy 
in most cases, may be challenging in some situ-
ations, such as extensive tumor infiltration of 
tissue fragments, post-biopsy changes that mask 
the normal anatomy, marked thermal artifact of 
tumor-bearing tissue, or hyperplastic MM. Sev-
eral muscle markers have been tried in the past 
but were found to be of limited utility such as 
smooth muscle actin, desmin, and caldesmon. 
Recent reports have identified a new marker, 
smoothelin, expressed by terminally differenti-
ated smooth muscle cells, to be differentially 
expressed in smooth muscle of the MP compared 
to that of the MM [37–41]. It should be noted, 
however, that other studies reported overlap of 
staining intensity of smoothelin between MM and 
MP [42]. Hence, it is still early to determine the 
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exact role of smoothelin as a diagnostic marker to 
determine tumor invasion into MP and should be 
used with caution.

Immunohistochemical Markers with 
Prognostic Value in Bladder Cancer

In papillary urothelial tumors, a number of mark-
ers have shown promising results, particularly 
in distinguishing between low-grade and high-
grade papillary urothelial carcinoma and decreas-
ing the interobserver variability in this category. 
Ki-67 and survivin were two markers that have 
been frequently studied and whose increased 
expression correlates with recurrence and pro-
gression of papillary tumors [43, 44]. Similar 
results were reported when the mRNA levels of 
survivin were measured both in urine cytology 
and tumor tissue [43, 45–48].

Despite the great advancement in the molecu-
lar biology of urothelial carcinoma, there has not 
been to date a molecular marker that outperforms 
a combination of established morphologic and 
clinical markers such as grade, histologic type, 
and stage, in predicting clinical outcome. This 
has been the case with the tumor suppressor genes 
p53 and Rb, which are known to be involved in 
urothelial neoplasia. Although they have been 
shown by several investigators to be accurate 
predictors of progression, metastasis, survival, 
and possibly response to systemic chemotherapy 
[49–53], others have challenged these results 
which have not been validated prospectively.

On the other hand, IHC can serve as a surro-
gate marker for underlying molecular aberrations 
that can be used in targeted therapy. In particu-
lar, alterations in receptor tyrosine kinases pres-
ent promising opportunities for targeted therapy 
in urothelial carcinomas, such as those targeting 
ERBB2 (Her2) amplifications or mutations and 
FGFR3 mutations; as well as aberrations in the 
mTOR/Akt/PI3K pathway that are known to 
affect subsets of urothelial carcinoma [54–57].

GATA3 is a transcription factor of the GATA 
family whose functions include regulating 
genes involved in the luminal differentiation 
of breast epithelium, genes related to T-cell de-
velopment, gene regulation in the development 

or maintenance of skin, trophoblasts, and some 
endothelial cells [12, 58]. GATA3 has been 
identified as an IHC marker for mammary and 
urothelial carcinomas in both primary and meta-
static setting. It has been suggested useful in the 
distinction between urothelial versus prostatic 
adenocarcinoma and metastatic urothelial versus 
squamous cell carcinoma in the lung. Despite the 
early promising specificity and sensitivity, how-
ever, more recent studies have shown that not 
all non-urothelial squamous cell carcinomas or 
prostate cancers to be negative [12, 18, 25–27]. 
GATA3 can still be of use in the workup of a 
neoplasm with possible urothelial origin if used 
with the right context and right combination with 
other antibodies.

Uroplakins are widely regarded as urotheli-
um-specific proteins of terminal urothelial cell 
differentiation and have been reported positive 
in both primary and metastatic urothelial carci-
noma [59–62]. Despite being specific to urothe-
lial differentiation, they are not very sensitive as 
some urothelial carcinomas are not positive for 
these markers, which limits their practical use 
and requires the addition of other markers in the 
workup for a potential urothelial tumor.

Thrombomodulin is a surface glycoprotein 
involved in the regulation of intravascular coagu-
lation that has been reported to be expressed in 
a variety of tumors including mesothelioma, en-
dothelial vascular tumors, squamous carcinomas, 
urothelial carcinoma, and various adenocarcino-
mas in primary and metastatic setting [63]. The 
lack of specificity of this marker to urothelial dif-
ferentiation limits its use in this setting. But as it 
has been shown in a number of studies mentioned 
in this section, this marker can be useful when 
used in combination with other markers in the 
workup of a potential urothelial tumor.

S100P is a member of the S100 family of 
proteins that was first discovered in placenta and 
was thus designated S100P (it is different from 
the S100 that is widely used in the melanocytic 
and nerve sheath tumors). Although it was ini-
tially identified in the placenta, expression of 
S100P by IHC has also been described in benign 
and malignant urothelial cells, pancreatic carci-
noma, esophageal squamous mucosa, and breast 
carcinoma [11].
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Urine-Based Markers for Diagnosis  
of Bladder Cancer

Fluorescence In Situ Hybridization 
(UroVysion®, Abbott Molecular, Abbott 
Park, IL, USA)

UroVysion® is a FISH probe set with Food and 
Drug Administration (FDA) approval for use in 
monitoring tumor recurrence and primary detec-
tion of UC in voided urine specimens from pa-
tients with gross or microscopic hematuria, but 
no previous history of UC. The UroVysion® 
test probe set contains a mixture of four fluores-
cent labeled DNA probes; a locus-specific probe 
to the 9p21 band on chromosome 9 and to the 
centromere of chromosomes 3, 7, and 17. The 
individual sensitivity of the centromeric probes 
for chromosome 3, 7, 17 is reported to be 73.7, 
76.2, and 61.9 %, respectively, while the sensi-
tivity of homozygous 9p21 deletion for UC has 
been reported as 28.6 % [64]. The UroVysion® 
test is based on combination of these probes and 
the sensitivity and specificity has been reported 
to be 72 and 83 %, respectively [65]. This test, 
however, is not free of false positive and false 
negative results [66]. Inflammation may interfere 
with proper interpretation of the test.

The Bladder Tumor Antigen (BTA) Tests

This test is based on the detection of the human 
complement factor H-related protein, which is 
reported to be expressed only in bladder tumor 
cells [67, 68]. There are two types of BTA tests, 
one can be used in the physician’s office or even 
in the patient’s home (BTA stat), while the other 
has to be sent to a reference laboratory for analy-
sis (BTA trak). The sensitivity of the BTA stat 
is reported to be 50 % for low-grade urothelial 
carcinomas, which is higher than cytology. Con-
versely, the specificity of BTA stat is reportedly 
lower than cytology [69, 70]. The BTA stat test 
is FDA-approved for use by patients undergoing 
monitoring for recurrent bladder cancer.

Nuclear Matrix Protein 22 (NMP22)

This test is based on the detection of NMP22, 
which is a member of a family of proteins that 
is part of the structural framework of the nucleus 
and provide support for the nuclear shape. It is 
also involved in DNA replication, RNA tran-
scription, and regulation of gene expression [71]. 
This protein is reported to have a concentration 
as high as 25 times in UC as compared to nor-
mal urothelial cells [71, 72]. This assay is FDA-
approved for both the detection of new cancers 
and the follow-up of patients with a prior history 
of urothelial carcinoma. The reported sensitiv-
ity ranges are 34.6–100 %, and 49.5–65.0 %, but 
false positive results have been reported [73, 74].

Bladder Cancer Immunofluorescence 
Assay (Former Immunocyt®)

This is an immunofluorescence assay designed to 
improve the sensitivity of urine cytology. It em-
ploys a cocktail of three monoclonal antibodies; 
M344, LDQ10, and 19A211 [75]. The first two 
detect a mucin-like antigen, while the third one 
recognizes a high molecular weight glycosylated 
form of carcinoembryonic antigen in exfoliated 
tumor cells. This assay is FDA approved only 
for use as a surveillance test if used in conjunc-
tion with cytology. The overall sensitivity of the 
combined Bladder Cancer Immunofluorescence 
Assay and cytology is approximately 84 %, 
which is better than either test alone. It performs 
better at the detection of low-grade UC [76, 77].

Telomerase

Telomeres are repetition sequences at the end of 
chromosomes that protect genetic stability dur-
ing DNA replication. As a result of telomeric loss 
during each cell division, chromosomal instabil-
ity and cell senescence develops. Bladder cancer 
cells express telomerase, which is an enzyme that 
regenerates telomeres at the end of each DNA rep-
lication. The detection of the ribonucleoprotein 
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telomerase (the telomerase subunits human telom-
erase RNA [hTR] and human telomerase reverse 
transcriptase [hTERT]) in urine samples may offer 
diagnostic applications as the activity of this en-
zyme is generally limited to malignant cells and 
tissues. Detection of telomerase activity is avail-
able by the TRAP-assay (telomeric repeat ampli-
fication protocol), which is a polymerase chain 
reaction (PCR)-based method [78, 79]. Most stud-
ies on telomerase activity in bladder cancer report 
good sensitivity of the tests but low specificity. 
Moreover, test results can be influenced by the 
patient’s age and inflammatory conditions of the 
urinary system, making this assay a suboptimal 
test for the detection of bladder cancer [78, 80].

In a recent comprehensive review of the role of 
urine biomarkers in the detection and surveillance 
of bladder cancer, there were several markers that 
showed higher sensitivity compared with cytol-
ogy but were less specific. Hence, they remain 
insufficient to replace cystoscopy approach to es-
tablish the diagnosis of urothelial carcinoma [81].

There is a need for well-designed protocols 
and prospective, controlled trials to provide the 
basis to integrate biomarkers into clinical deci-
sion making for bladder cancer detection and 
screening in the future.
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Introduction

Urothelial neoplasm is by far the most common uri-
nary bladder tumor (comprising more than 90 %). 
Other less common histologic types of tumor in-
clude squamous cell carcinoma, adenocarcinoma, 
and neuroendocrine carcinomas. Patients with 
bladder tumor often present with hematuria, with 
or without other urinary symptoms such as dysuria 
and urgency, and the diagnosis is usually made 
after cystoscopic examination followed by trans-
urethral resection (TUR) of the lesion. Almost all 
neoplastic lesions of the bladder are biopsied or 
resected before intravesical therapy or definitive 
surgery, but intraoperative diagnosis remains im-
portant in selected situations. It is also important to 
know that the utilization of intraoperative frozen 
section assessment (FSA) during bladder surgery 
also varies in different institutions and depends on 
urologists.

To provide an appropriate frozen section di-
agnosis, the pathologist should be familiar with 
clinical history, imaging and prior biopsy find-
ings, history of prior treatment, and surgeon’s 
operative plan. The following examples illustrate 
the value of clinicopathologic correlation:

• Clinical aspects of the case may help to 
increase the chance of identifying invasive 
carcinoma or carcinoma in-situ (CIS) at 
the surgical margins (e.g., imaging studies 
suggest a neoplasm in one of the ureters, there 
is extensive biopsy-proven CIS).

• The prior TUR observations may help to inter-
pret unusual findings in a biopsy of an extra-
vesical nodule (e.g., a spindle cell lesion is not 
dismissed as reactive fibroblastic tissue if the 
patient is known to have a sarcomatoid uro-
thelial carcinoma).

• It is important to know the operative plan 
(e.g., an FSA of extravesical positive lymph 
node or visceral lesion may dissuade the sur-
geon from completing radical cystectomy).

Common Indications for 
Intraoperative Consultation

• The status of surgical margins at the ureter, 
urethra, and soft tissue during radical cystec-
tomy

• The status of surgical margins during partial 
cystectomy

• Histopathologic diagnosis of extravesical 
masses or lesions incidentally detected during 
cystectomy

• Initial diagnosis of primary bladder lesion
• Lymph node metastatic status during cystec-

tomy

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_19,
© Springer Science+Business Media New York 2015
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Assessment of Surgical Margins 
During Radical Cystectomy  
or Cystoprostatectomy

Radial cystectomy, combined with pelvic lymph 
node dissection, is the standard treatment for 
muscle-invasive bladder carcinomas, as well as 
high-grade non-muscle-invasive urothelial carci-
nomas that are resistant to conventional intraves-
ical therapy or show adverse prognostic features 
(e.g., extensive lymphovascular invasion, aggres-
sive histologic variants including micropapillary 
urothelial carcinoma). Intraoperative assessment 
of ureteral, urethral, and radial/perivesical soft 
tissue margins during radical cystectomy are im-
portant because negative margins reduce the risk 
of tumor recurrence and may influence decision 
making regarding the choice of urinary diversion 
[1, 2]. The incidence of marked atypia or CIS 
found at the ureteral margins has been reported 
to range from 4.8 to 9 % [1, 2], whereas the apical 
urethral margin is rarely positive [3]. As a result, 
the ureteral margins are often routinely submitted 
for FSA, and the distal urethral margin much less 
frequently. However, FSA of the urethral margin 
is commonly performed in cases without pre-cys-
tectomy prostatic urethra biopsies. Additionally, 
if there are changes of concern for malignancy in 
the perivesical soft tissue, a biopsy is submitted 
for FSA as this may influence whether total cys-
tectomy is undergone.

When a short segment (i.e., < 0.5 cm) of the 
ureter is submitted, the lumen should be identi-
fied and entire specimen should be embedded 
for FSA. For longer segments of ureter, the true 
margin is usually designated by the surgeon with 
a suture or ink, and this end should be ampu-
tated from the specimen and embedded for FSA. 
Changes at the ureteral margin should be reported 
as nondysplastic (normal or reactive), atypia not 
further classified, high-grade dysplasia/CIS, or 
invasive carcinoma. Reactive atypia is relatively 
common in patients with bladder cancer, possibly 
induced by prior therapy, and is often associated 
with inflammation, edema, or fibrosis of lamina 
propria (Fig. 19.1). The diagnosis of “low-grade 

dysplasia” should be avoided if possible because 
of the poor reproducibility between pathologists 
particularly on FSA and the uncertainty about 
how this lesion should be treated. The diagnosis 
of CIS is based on both architectural and cyto-
logic features (Fig. 19.2), but full thickness atyp-
ia is not required to make the diagnosis; for in-
stance, partial involvement or pagetoid spread is 

Fig. 19.2  Frozen section of a ureteral margin positive 
for urothelial carcinoma in-situ ( CIS). On frozen section, 
the most reliable criteria for diagnosis of urothelial CIS 
is marked cytologic atypia with nuclear enlargement, in-
creased nuclear to cytoplasmic ratio, hyperchromasia, and 
frequent mitoses. Original magnification × 400

 

Fig. 19.1  Frozen section of a ureteral margin showing 
urothelium with reactive atypia associated with subepi-
thelial edema and mild chronic inflammation. Slight, but 
uniform, nuclear enlargement is seen, but the nuclear po-
larity is maintained. Original magnification × 100
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sufficient for the diagnosis of CIS. Dilatation of 
the ureter, vascular proliferation, and chronic in-
flammation of the subepithelial connective tissue 
are often associated with CIS, and the presence 
of these findings should alert the pathologist to 
have more critical assessment of the urothelium. 
In addition, urothelial CIS frequently undergoes 
complete or partial sloughing of neoplastic cells 
(Fig. 19.3). When this is encountered, deeper lev-
els should be prepared so that diagnostic changes 
of CIS can be seen.

Because of retraction of the urethral mucosa, 
multiple levels of the specimen for intraoperative 
FSA may be necessary to identify the mucosa. 
The urothelium is often denuded due to intravesi-
cal therapy or intubation, special attention should 
be paid to the periurethral glands or ducts; paget-
oid spread with a few high-grade malignant cells 
is sufficient for the diagnosis of urothelial CIS 
(Fig. 19.4).

A biopsy of perivesical fat may be submit-
ted for FSA to determine if there is extravesical 
extension or invasion of the tumor. Fat necrosis 
with associated fibrosis is not uncommonly seen, 
which is usually not too difficult to distinguish 
from carcinoma (Fig. 19.5). Reactive endothelial 
cells can sometimes be problematic, especially 
when they show cautery artifact. Thus, familiar-
ity of preoperative diagnosis, intraoperative find-
ings, and careful assessment of cytologic details 
are necessary for an accurate diagnosis.

Assessment of Surgical Margins 
During Partial Cystectomy

Partial cystectomy, without a separate urinary 
diversion, is reserved for localized tumors, in-
cluding solitary, primary urothelial carcinoma 
that does not involve specific regions of the blad-
der (e.g., trigone, bladder neck) and that can be 
resected with adequate (i.e., 1–2 cm) surgical 
margins. The classically described indication for 
partial cystectomy included carcinoma arising in 

Fig. 19.4  Frozen section of the urethra showing a promi-
nent pagetoid spread of urothelial CIS characterized by 
individual large atypical tumor cells peculating in the uro-
thelium. Notice the marked nuclear enlargement of tumor 
cells compared with the adjacent normal basal cells. Orig-
inal magnification × 400

 

Fig. 19.3  Frozen section of the ureter showing largely 
denuded and attenuated urothelium with scattered in-situ 
carcinoma cells. Original magnification × 200

 

Fig. 19.5  Frozen section of a nodule on the peritoneal 
surface of the bladder showing fat necrosis and plump en-
dothelial cells which may mimic infiltrating carcinoma. 
Original magnification × 200
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a bladder diverticulum and urachal adenocarci-
noma [4]. Partial cystectomy is also adequate for 
some high-risk patients and palliative situations. 
If it is done in properly selected patients, it has 
some advantages over radical cystectomy, such 
as the preservation of a functionally continent na-
tive urinary bladder and sexual potency in men.

The diagnosis of the bladder tumor is almost 
always established prior to cystectomy, and the 
purpose of intraoperative consultation is gener-
ally to evaluate surgical margins. This is an ex-
ample that surgeon’s help in orientation of speci-
men is particularly critical. The margins should 
be inked, often with different colors when entire 
partial cystectomy specimen is submitted for 
FSA. How the sections are taken (i.e., parallel or 
perpendicular to the margins) is dependent on the 
gross findings. If a visible lesion is seen within 
0.5 cm of the margin, it is advisable to take mul-
tiple serial sections perpendicular to that margin. 
Otherwise, sections may be taken parallel to the 
margin. Before taking sections parallel to the 
margin, tissue layers should be lined up so that all 
the layers could be visible in frozen section slides.

It is much easier to interpret the frozen sec-
tion findings when the pathologist is familiar 
with the histologic characteristics of the tumor. 
For example, mucin pools at the surgical margin 
in a patient with mucinous carcinoma would be 
interpreted as a positive margin even if epithelial 
cells are absent. Likewise, a spindle cell process 
would be viewed with suspicion in a patient who 
has a biopsy diagnosis of sarcomatoid carcinoma.

Assessment of Incidental Serosal  
and Extravesical Lesions

During radical cystectomy, the surgeon may en-
counter nodules or areas of thickening or discol-
oration on the peritoneal surface of the bladder 
or in the perivesical fat, which often prompts a 
request for FSA. The diagnosis may not alter the 
surgical procedure if it is in close proximity to 
the bladder, but extensive extravesical spread of 
invasive carcinoma may lead to abandonment of 
radical cystectomy.

Commonly encountered lesions include me-
sothelial hyperplasia, fibrous nodules, chronic 

inflammation, calcification, endometriosis, en-
docervicosis, endosalpingiosis, and rarely meta-
static tumor of a nonbladder origin.

Initial Diagnosis of Primary Lesions

Rarely, FSA is requested on a bladder lesion that 
has an unusual appearance on cystoscopic ex-
amination or for which prior biopsies have been 
unsuccessful. The surgeon’s goal is to confirm 
that the specimen contains diagnostic tissue and, 
when appropriate, to ensure that muscularis pro-
pria (detrusor muscle) is present in the specimen.

If the biopsy consists of one or a few small 
fragment(s), the entire specimen should be em-
bedded for FSA. If the TUR specimen consists of 
multiple pieces of tissue, the firmer areas should 
be selected as they are more likely to contain 
muscularis propria. A specific diagnosis should 
be made if it is possible, but a diagnosis such as 
“high-grade carcinoma with invasion into mus-
cularis propria” is sufficient for immediate man-
agement of the patient. However, it is occasion-
ally difficult or even impossible to determine 
whether the muscle fibers invaded by the tumor 
in TUR specimens represent true muscularis pro-
pria. Under no circumstances should definitive 
radical surgery be performed on the basis of an 
equivocal intraoperative consultation diagnosis. 
Malignant neoplasms, such as lymphoma and 
metastasis, which do not warrant radical surgery, 
should be excluded, although this is best done 
on permanent sections with ancillary tests. Intra-
operative communication between the surgeon 
and pathologist should be clearly documented, 
and any uncertainty of the diagnosis in terms of 
histology and staging should be informed and re-
solved on permanent sections.

Assessment of Pelvic Lymph Nodes 
During Cystectomy

Pelvic lymph node dissection is performed rou-
tinely during radical cystectomy because it not 
only provides prognostic information but also ap-
pears to offer therapeutic benefits. Furthermore, 
data suggest that higher lymph node numbers 
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correlate with improved survival, although node 
count can depend on multiple factors including 
surgical techniques and the extent of node dissec-
tion as well as surgical pathology processing [5]. 
Some urologists routinely perform an extended 
pelvic lymph node dissection and submit the 
specimens in formalin for evaluation on perma-
nent sections, whereas others perform a limited 
dissection using intraoperative FSA to guide the 
extent of the lymph node dissection.

The pathologist should know what is at stake 
when asked to examine pelvic lymph nodes in a 
patient with bladder carcinoma, and every effort 
should be made to determine if there are nodal 
metastases. If one or more of the lymph nodes 
are grossly abnormal, a cytoscrape preparation 
can be made, which may be all that is necessary. 

If, however, the cytologic findings are negative, 
the lymph nodes should be embedded in their 
entirety for FSA, and multiple levels may need 
to be prepared in an attempt to identify small 
foci of metastases. It is usually not difficult to 
identify metastatic urothelial carcinoma on cyto-
logic preparations or FSA, although neoadjuvant 
therapy may complicate the changes (Fig. 19.6). 
Pathologists should also be aware of unusual 
variants when evaluating a lymph node, such as 
lymphoma-like or plasmacytoid urothelial carci-
noma, in which false negative results can occur.
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Introduction

It is estimated that more than 70,000 new can-
cer cases are caused by urinary bladder cancer 
in 2013, resulting in nearly 18,000 cancer-related 
deaths [1]. Until recently, management approach-
es to these tumors have not incorporated molecu-
lar biomarkers in the diagnosis, risk stratification, 
and treatment, in contrast to what has become an 
integral component of the clinical management 
in other tumors such as lung, colon, and breast 
cancer. Recent major advances in cancer genet-
ics and genomics are changing the landscape 
and rapidly affecting the clinical management of 
solid tumors, which undoubtedly includes can-
cers of the urinary bladder.

Genetic Alterations in Urothelial 
Carcinoma

Many genetic alterations have been described in 
bladder cancer including deletions and amplifi-
cations of chromosomal regions (wide or focal) 
as well as many mutations in significant cancer-

related genes and pathways. In fact, in a recent 
comprehensive analysis by The Cancer Ge-
nome Atlas (TCGA) Project across several can-
cer types, bladder cancer (at least invasive into 
muscularis propria per TCGA inclusion criteria) 
was one of the cancers with the highest rate of 
somatic mutations [2]. On average, there were 
302 exonic mutations, 204 segmental alterations 
in genomic copy number, and 22 genomic rear-
rangements per sample [3].

There is evidence to support viewing blad-
der cancer as developing through two distinct 
molecular pathways that correspond to two main 
groups of tumors with generally distinct treat-
ment considerations: superficial bladder cancer, 
including noninvasive papillary and flat urothe-
lial carcinoma (UC) and UC invasive into lamina 
propria and/or muscularis propria (detrusor mus-
cle) [4–8].

Most studies of low-grade papillary UC 
show few molecular alterations in addition to 
deletions involving chromosome 9 and mutations 
of FGFR3 and HRAS [9–20]. These tumors are 
often near-diploid with loss of chromosome 
9 being by far the most common cytogenetic 
finding [21–23]. In a recent study utilizing whole-
exome sequencing, it was reported that KDM6A 
( UTX), one of the genes involved in chromatin 
remodeling, was significantly more frequently 
mutated in low-grade and low-stage UC [24]. 
Another genetic aberration recently reported 
at a higher frequency in noninvasive papillary 
UC compared to invasive UC is an inactivating 
mutation in STAG2, a gene which regulates sister 

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_20,
© Springer Science+Business Media New York 2015



254 H. A. Al-Ahmadie and G. Iyer

chromatid cohesion and segregation and has a 
role in controlling chromosome number and cell 
division [25–27]. The majority of the mutations 
reported in STAG2 were truncating (~ 85 %) 
or missense (~ 15 %), and predicted to result in 
inactivation of the gene. It was suggested that 
STAG2 mutations represent an early event in the 
development of bladder cancer. It is worth noting 
that another recent publication reported stronger 
association between inactivating mutations in 
STAG2 and increased tumor aneuploidy and 
worse outcome compared to tumors without such 
aberrations [28]. This view, however, was not 
shared by other investigators [25–27].

Urothelial carcinoma in situ (CIS) is charac-
terized by a high frequency of TP53 mutations 
but a relatively low frequency of chromosome 9 
loss, unless it is associated with a papillary le-
sion, in which case loss of chromosome 9 is more 
frequent [29].

Many genetic alterations have been reported 
in invasive UC in addition to frequent chromo-
some 9 deletions, involving dysregulation of 
several oncogenes and tumor suppressor genes 
[4–6]. Multiple regions of somatic copy number 
alteration (CNA) have been reported including 
amplification of PPARG, E2F3, EGFR, CCND1, 
and MDM2, as well as loss of CDKN2A and RB1 
[30–32]. Sequencing of candidate pathways has 
identified recurrent mutations in TP53, FGFR3, 
PIK3CA, TSC1, RB1, and HRAS [30, 32]. It has 
been recently shown that tumors with aberrations 
in TP53, MDM2, RB1, and E2F3 are associated 
with more genomic instability compared to tu-
mors without such aberrations [33].

The most comprehensive molecular analysis 
of invasive UC to date has been conducted by the 
TCGA which performed an integrated in-depth 
profiling of DNA copy number, somatic muta-
tion, mRNA and miRNA (miR) expression, pro-
tein and phosphorylated protein expression, DNA 
methylation, and viral integration [3]. This study 
included samples from 19 tissue source sites and 
consisted of 131 chemotherapy naive, at least 
muscle-invasive (pT2), high-grade UC without 
significant amount of any divergent histology.

By assessing somatic CNAs (SCNAs), mul-
tiple aberration were identified including 22 sig-

nificant arm-level copy number changes, 27 am-
plified, and 30 deleted recurrent focal SCNAs. 
The most common recurrent focal deletion con-
tained CDKN2A (9p21.3, in 47 % of samples). 
Other focal deletions involved regions containing 
PDE4D, RB1, FHIT, CREBBP, IKZF2, FOXQ1, 
FAM190A, LRP1B, and WWOX. Focal amplifi-
cations involved genes previously reported to be 
altered in bladder cancer such as E2F3/SOX4, 
CCND1, CCNE1, EGFR, ERBB2, PPARG, and 
MDM2 [30–32], but also some that have not been 
previously reported such as PVRL4, BCL2L1, 
and ZNF703.

Whole-exome sequencing of tumors along 
with matched germline samples identified 32 
genes with statistically significant levels of re-
current somatic mutation. The most frequently 
mutated gene was TP53 (49 %), which was found 
to be altered in a mutually exclusive relationship 
with MDM2 amplification (9 %) or overexpres-
sion (29 %). Most RB1 mutations were inactivat-
ing and were mutually exclusive with CDKN2A 
deletions. PIK3CA mutations were also relatively 
common (20 %).

A number of genes involved in epigenetic reg-
ulation were significantly mutated such as MLL2, 
ARID1A, KDM6A, and EP300, with truncating 
mutations being the most common and indicating 
both a functional significance for these genes and 
a potential role in tumorigenesis. Other chroma-
tin-regulating genes with less frequent mutations 
in UC include MLL3, MLL, CREBBP, CHD7, 
and SRCAP. Some of these mutations have pre-
viously been reported in bladder cancer [24, 28].

When compared with other epithelial cancers 
in the TCGA Project, bladder cancer was found 
to be significantly more enriched for mutations in 
chromatin-regulatory genes. By using low-pass 
paired-end, whole-genome sequencing, and RNA 
sequencing, numerous structural aberrations in-
cluding some that involve gene–gene fusions of 
different types were detected (e.g., interchro-
mosomal, intrachromosomal, fusions resulting 
from inversions or deletions). One of the recur-
rent translocations of probable pathogenic sig-
nificance was an intrachromosomal translocation 
on chromosome 4 involving FGFR3 and TACC3 
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in three tumors, which confirms a previously re-
ported finding [28, 34, 35].

Integrated analysis of the mutation and copy 
number data revealed frequent dysregulation in 
major cancer pathways including cell cycle regu-
lation (93 %), kinase and phosphatidylinositol-
3-kinase (PI3K) signaling (72 %), and chroma-
tin remodeling (histone-modifying genes, 89 % 
and the SWItch/Sucrose NonFermentable (SWI/
SNF) nucleosome remodeling complex, 64 %). 
By applying network analysis, increased activ-
ity in other important signaling hubs was iden-
tified including MYC/MAX, FOXA2, SP1, and 
HSP90AA1.

Looking at the recently generated and report-
ed data, it is notable that multiple druggable tar-
gets have been identified in UC [31, 32, 34–39]. 
These targets include activating FGFR3 muta-
tions, amplification and activating mutations in 
ERBB2 and ERBB3, and alterations in the PI3K/
mTOR/AKT/TSC1 pathway. Possible targets 
also include alterations in epigenetic regulatory 
pathways due to the high frequency of such aber-
rations in UC and merit further investigation. In 
summary, the molecular profile of bladder cancer 
identified through TCGA and other efforts has 
opened a number of exciting therapeutic avenues 
in the treatment of this disease. Clinical trials 
based upon the genetics of bladder cancer are 
already underway in an attempt to exploit these 
aberrations.

Epigenetics of Bladder Cancer

Epigenetic changes are defined as heritable, re-
versible alterations in gene expression that are 
not due to DNA sequence alterations [40–42]. 
This level of regulation of gene expression oc-
curs in both normal and tumor cells and involves 
DNA methylation, typically at the cytosine 5 po-
sition within CpG repeat sequences, posttransla-
tional modification of histones, and microRNA 
regulation [43–46]. Early studies examined the 
methylation status of specific genes while the 
more recent advent of global methylation profil-
ing technologies has helped to define the methy-
lome in tumors of specific grades and stages of 

development [47, 48]. These investigations have 
identified both global hypomethylation and gene-
specific promoter hyper- and hypomethylation as 
characteristic changes across numerous tumor 
types that impact tumor progression, invasion, 
and prognosis [49, 50].

Methylation

DNA hypermethylation of CpG repeats in the 
promoter region of specific genes with subse-
quent repression of expression has been reported 
in UC. In one study, methylation-specific poly-
merase chain reaction (PCR) of ten genes im-
plicated in tumorigenesis was performed in 98 
bladder tumors from both transurethral resec-
tion (TUR) and cystectomy specimens, reveal-
ing high methylation frequencies of > 20 % for 
CDH1, CDH13, RASSF1A, and APC [51]. CDH1 
and FHIT methylation was associated with in-
ferior survival, with CDH1 methylation status 
remaining an independent prognostic factor in a 
multivariate analysis; additionally, a methylation 
index was calculated for each tumor, represent-
ing the methylation fraction for all ten genes, and 
those tumors with a high methylation index dis-
played worse survival. Another study screened 
for methylation of seven genes commonly im-
plicated in tumorigenesis in 98 bladder tumor 
specimens consisting of both primary and recur-
rent tumors removed by TUR [52]. Using meth-
ylation-specific PCR, RARβ, DAPK, CDH1, and 
p16Ink4a were found to be methylated from 26.5 
to 87.8 %, and at least one of these four genes was 
methylated in all 98 samples. RARβ was methyl-
ated in three of seven normal urothelial samples 
obtained from patients without UC; none of the 
other genes was found to be methylated. Four 
CIS samples were analyzed in which DAPK, 
CDH1, and RARβ were found to be methylated at 
high frequency. No clinical or pathologic correla-
tion was found based upon the methylation status 
of any of the genes screened. In this same study, 
the methylation status of DAPK1, CDH1, RARβ, 
and p16Ink4a was defined in 22 voided urine 
specimens. While the methylation frequency of 
these four genes was generally lower than in the 
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corresponding tumor specimens, methylation of 
at least one of these four genes was detected in 
90.9 % of samples. In contrast, cancer cells were 
detected by urine cytology in 45.5 % of these 22 
samples, suggesting that detection of methylated 
genes in urine is more sensitive than traditional 
cytologic approaches as a screening tool for UC. 
Additional evidence for the utility of methyl-
ated gene detection within urine as a screening 
biomarker for the presence of urothelial tumors 
stems from another study of 51 bladder tumors 
and 47 matched urine samples [53]. The meth-
ylation status of four genes ( CDH1, p16, p14, 
and RASSF1A) was defined using methylation-
specific PCR. The sensitivity of urine meth-
ylation marker detection was 83 % when using 
RASSF1A, p14, and CDH1 methylation status, 
while that for urine cytology was 28 %. More-
over, 90 % of superficial low-grade tumors that 
were not detected by urine cytology contained 
hypermethylation. Methylation-mediated inacti-
vation of p16, which is part of the CDKN2A locus 
on chromosome 9p21, may contribute to loss of 
heterozygosity at this locus, since CDKN2A loss 
by both mutations and deletions is an early and 
common genetic alteration in UC. Loss of p16 
function results in cell cycle dysregulation and 
uncontrolled proliferation. Furthermore, E-cad-
herin, the protein encoded by CDH1, is implicat-
ed in suppression of the Wnt/β-catenin pathway 
which is involved in promoting cell growth [54]; 
therefore, loss of E-cadherin expression by pro-
moter methylation leads to constitutive activation 
of this pathway and excessive cell proliferation. 
Methylation patterns have been reported to vary 
based upon the location of urothelial tumors 
(upper tract vs. bladder) as well as stage and mor-
tality [55]. Hypermethylation at CpG islands in 
the promoter regions of 11 genes was performed 
using methylation-specific PCR in 116 bladder 
tumors and 164 tumors of the upper tract. Pro-
moter methylation was more common in upper 
tract tumors (94 vs. 76 %, p < 0.0001) as well as 
muscle-invasive tumors compared to pTa speci-
mens. Notably, tumors harboring methylation at 
any of the 11 genes exhibited higher rates of pro-
gression, including pTa tumors with a high meth-
ylation index. Global hypomethylation has been 

correlated with noninvasive tumors while wide-
spread hypermethylation seems to occur in inva-
sive tumors [56]. Using the Illumina GoldenGate 
methylation platform, Wolff et al. interrogated 
784 genes for methylation status in 49 noninva-
sive and 38 invasive tumors. Thirty-eight percent 
of loci were hypermethylated in invasive tumors 
versus 10 % in noninvasive tumors as compared 
to normal urothelial tissue from patients without 
UC. In contrast, hypomethylated loci were pre-
dominantly found in the noninvasive tumors (16 
vs. 3 % invasive), and these regions of hypometh-
ylation were frequently observed in non-CpG is-
land regions of the genome. Notably, normal-ap-
pearing urothelium sampled at varying distances 
from invasive tumors also showed an abnormal 
pattern of hypermethylation in 12 % of loci with 
a significant overlap with the hypermethylated 
loci identified within invasive tumors, suggest-
ing that epigenetic alterations may precede the 
development of histologic changes within the 
bladder. Such alterations may contribute to the 
well-described field effect in UC, an increased 
propensity for tumor development within the uri-
nary tract of patients with disease.

Histone Modification

Covalent modification of histones, the packag-
ing units of chromosomes, is another mechanism 
of epigenetic alteration commonly observed in 
cancer, including methylation and acetylation 
of specific amino acid residues. Such modifica-
tions regulate transcription of downstream genes. 
Mutations within histone modifiers have recently 
been detected at high frequency in UC [36]. Spe-
cifically, nine muscle-invasive urothelial tumors 
were subjected to whole-exome sequencing fol-
lowed by targeted sequencing of 328 somatically 
mutated genes from a validation set of 88 tumors. 
Notably, mutations within the histone demethyl-
ase UTX as well as ARID1A, a member of the 
SWI/SNF nucleosome remodeling complex, 
were present in 21 and 13 % of all samples, re-
spectively, and alterations within a panel of addi-
tional chromatin remodeling genes were found in 
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59 % of specimens, suggesting a significant role 
for epigenetic alterations in bladder cancer.

MicroRNA Regulation

miRs are short, noncoding strands of RNA that 
control gene expression at the posttranscrip-
tional level through binding to specific 3ʹ UTR 
sequences within mRNA and subsequent tran-
script degradation. miR expression is frequently 
altered in neoplastic tissue when compared to 
its normal counterpart due to epigenetic silenc-
ing, and mounting evidence suggests that altered 
miR expression plays a role in malignant trans-
formation [57]. In one study, the expression lev-
els of 322 miRs were profiled in a cohort of 72 
UC samples comprised of high- and low-grade, 
invasive and noninvasive specimens and com-
pared to normal urothelium from patients with 
and without UC [58]. Low-grade tumors dis-
played a reduction in expression of certain miR 
species involved in downregulation of FGFR3 
and HRAS mRNA levels. In contrast, high-grade 
tumors harbored elevated levels of miR species 
that downregulate p53, suggesting that the differ-
ential expression profile of miRs is linked to the 
disparate molecular pathways which characterize 
high- and low-grade disease. Epigenetic regula-
tion of miR expression frequently occurs through 
hypermethylation of upstream CpG islands and 
this mechanism has been shown to occur in UC. 
The role of miRs as tumor markers of UC in urine 
has also been investigated; specifically, miR-96 
and miR-183 were evaluated for diagnostic util-
ity in urine. In a cohort of 78 patients with UC, 
43.6 % were found to have positive urine cytol-
ogy as compared to 69.2 % with detectable miR-
96 levels. The sensitivity to detect UC improved 
from 43.6 % using cytology alone to 78.2 % with 
a combination of mIR-96 plus cytology. Addi-
tionally, miR-96 was detected in 50 % of patients 
with low-grade and noninvasive disease as com-
pared to 11 % with positive urine cytology. Both 
miR-96 and miR-183 expression levels increased 
with higher grade and stage of tumor and in 17 
patients who underwent surgical resection of dis-
ease by cystectomy or nephroureterectomy, urine 

miR levels were substantially reduced postopera-
tively as compared to presurgical levels.

Summary

In summary, multiple mechanisms for epigen-
etic regulation of gene expression exist in nor-
mal cells, which undergo dysregulation during 
oncogenesis. These include aberrant methylation 
of CpG repeats, mutations within histone modi-
fiers and chromatin remodelers, as well as ab-
normal variations in miR expression. Examples 
of anomalies within all three of these mecha-
nisms of gene regulation have been observed in 
all stages and grades of bladder cancer and pre-
liminary data suggest that such alterations may 
serve as biomarkers of tumor recurrence that can 
be detected noninvasively in urine. Additionally, 
further insight into the biologic consequences of 
such aberrations should lead to novel therapeutic 
advances in the treatment of UC.
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Jordan P. Reynolds

Introduction

This chapter describes the spectrum of abnormal-
ities seen in urine cytology specimens. The focus 
is on the detection of bladder cancer with special 
consideration for evaluation of upper tract speci-
mens. Ancillary testing to increase the sensitivity 
of urine cytology is also discussed in detail.

Urine cytology is useful for the diagnosis of 
urothelial carcinoma in situ and high-grade car-
cinoma, but not as useful in detecting low-grade 
papillary lesions. The main purpose of urine 
cytology is to detect high-grade urothelial car-
cinoma. Urine cytology may be performed in 
patients who initially present with hematuria, 
either grossly or on microscopic urine examina-
tion. Alternatively, cytology may be performed 
for surveillance on patients who are already diag-
nosed with bladder cancer and may have received 
treatment with transurethral resection of the blad-
der, bacillus Calmette–Guérin (BCG) therapy, or 
cystectomy.

Bladder cancer continues to be the fourth most 
common malignancy and ninth common cause of 
cancer death. The National Cancer Institute pre-
dicted that, in 2012 in the USA, 55,000 men and 
18,000 women would be diagnosed with bladder 

cancer [1]. Treatment with BCG or transurethral 
resection of bladder tumor (TURBT) is the pre-
ferred treatment of non-muscle-invasive bladder 
cancer [2]. Once the tumor invades the muscu-
laris propria, surgical resection (radical cystecto-
my) with or without neoadjuvant chemotherapy 
is necessary [3]. The purpose of urine cytology 
screening is to detect bladder cancer prior to in-
vasion of the muscularis propria to decrease pa-
tient morbidity and mortality [4].

Microscopic hematuria is the typical initial 
presentation. Patients visiting their physician for 
another reason may provide a urine sample show-
ing microscopic hematuria on routine urinalysis 
[5]. Screening urine cytology for patients with 
asymptomatic microscopic hematuria may detect 
bladder cancer in 16 % of patients [6]. Patients 
with macroscopic hematuria showed evidence of 
bladder cancer in 20 % of cases [7]. Patients with 
hematuria warrant urine cytology with cystos-
copy, and imaging of the upper urothelial tract is 
recommended [8].

Evaluation of the urinary tract involves ex-
amination of both the upper and lower tract. 
Upper tract urothelial cancer (UTUC) evaluation 
involves a computed tomography (CT) urogram 
while lower tract evaluation involves cystoscopy. 
Cystoscopy evaluation is successful in detecting 
papillary UC, but may miss flat urothelial carci-
noma in situ [9]. The role of urine cytology is 
to detect the poorly visualized high-grade carci-
noma including urothelial carcinoma in situ.
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Specimen Type

Voided urine is the most common sample provid-
ed, as it is a noninvasive way to collect urine for 
cytology. The first morning urine should be dis-
carded as it may contain more inflammation from 
urinary stasis from the previous night. A second 
voided collection is more appropriate. Obtaining 
voided urine cytology specimens is not without 
challenges, however; the specimen must be pro-
vided by a competent patient and may contain 
abundant contamination with squamous mucosal 
cells from the penile urethra and vagina.

Instrumented or catheterized urine samples 
can provide a more cellular specimen; however, 
this manner of collection is more invasive than 
collecting voided urine. Bladder washings use 
forced saline water to wash urothelial mucosal 
cells from the epithelial surface. The pressure 
of the washing action releases the cells from 
the urothelial mucosa and causes clustering of 
cells [10]. Clusters of urothelial cells may lead 
to increased diagnosis of atypical or more false 
positive diagnoses in urine cytologic specimens 
(Fig. 21.1) [11].

Postcystectomy patients present special consid-
eration for urine cytology, as ileal conduit, bladder 
augmentation, and urethral washings are used for 

surveillance. In cases where there is a neoblad-
der or ileal conduit, there may be abundant acute 
inflammation as well as organisms native to the 
gastrointestinal (GI) tract such as Candida spe-
cies. Searching for neoplastic urothelial cells may 
be more difficult due to obscuring inflammation 
and bacterial colonies [12]. The utility of urine 
cytology in ileal conduit specimens has come 
into question, as atypical cells present in these 
specimens have poor positive predictive value in  
detecting recurrent urothelial carcinoma [13].

Adequacy in urine cytology is somewhat con-
troversial. Although some samples are paucicel-
lular, the cellularity of a voided urine sample is 
beyond the control of the provider. Normal urine 
has few urothelial cells and a clean background 
with few leukocytes. Squamous cells may be 
present in men and women from squamous meta-
plasia of the trigone or contamination from the 
urethra. A paucicellular sample in a symptomatic 
patient should be reported as limited cellularity. 
An overabundance of bacteria or blood may in-
hibit interpretation [14].

Clusters of urothelial cells in urine cytology 
can be attributed to the presence of bladder cal-
culi, low-grade papillary urothelial carcinoma, 
or instrumentation effect, such as catheterization 
(Fig. 21.2). Correlation of the cytologic findings 

Fig. 21.2  Pap stain 40×—Urine sample from a patient 
who was paralyzed in a motor vehicle accident who sub-
sequently had long-term indwelling catheterization. The 
cells show columnar morphology with stratification and 
mucin formation. The histology showed cystitis cystica et 
glandularis

 

Fig. 21.1  Pap stain 20×. Bladder washing specimen ob-
tained from a patient with a history of urothelial CIS. The 
instrumentation effect from the washing may slough off 
epithelial fragments and give them a papillary appear-
ance. These clusters should not be overcalled as low-
grade papillary urothelial carcinoma. One should search 
for high-grade features
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with the cystoscopy report with special attention 
to the presence of tumor, tumor size, and multi-
focal lesions increases the sensitivity for finding 
low-grade papillary urothelial carcinoma [15].

Normal Urine

Urothelial mucosal cells exhibit a wide morpho-
logic spectrum. Superficial umbrella cells have 
one or more nuclei and may measure between 20 
and 30 µm in diameter. Multinucleated cells are 
common, and these cells may raise alarm in urine 
cytology interpretation. A low nuclear to cyto-
plasmic ratio and an absence of nuclear hyper-
chromasia indicates the presence of benign um-
brella cells. The cytoplasm can be hard, dense, 
and solid similar to the cytoplasm of squamous 
cells, but may also exhibit vacuolization and 
granularity.

Cells from beneath the umbrella cell layer are 
comprised of smaller single cells in the urine. 
They usually contain a single round nucleus mea-
suring between 8 and 10 microns with a smooth 
nuclear contour. The cytoplasm is thick and ex-
hibits a low nuclear to cytoplasmic ratio. These 
cells resemble parabasal squamous cells from the 
cervix in that they are round to almost ovoid with 
a basophilic cytoplasm. Under more reactive 
conditions such as inflammation, the chromatin 
will become more open and contain 1–2 micro-
nucleoli.

The presence of squamous cells in urine can 
pose a diagnostic challenge. Most squamous cells 
in the urine are usually present as contamination 
from squamous-lined mucosa from the gyneco-
logic tract in females, or penile urethra in males. 
Less commonly, these cells may arise from the 
squamous metaplasia of the bladder trigone, es-
pecially if the patient is in a state of urinary stasis, 
or has a history of an indwelling urinary catheter 
(Fig. 21.3). In patients with urothelial carcinoma, 
the presence of atypical squamous cells may be 
associated with urothelial carcinoma with squa-
mous features, or invasive squamous cell carci-
noma (Fig. 21.4) [16].

The background of the normal urine can con-
tain squamous cells, bacteria, blood, and inflam-
matory cells. These features in the background 
are not essential to the diagnosis, nor are they 
necessarily in concordance with the patient’s 
clinical picture. Acute inflammation may not cor-
respond to an acute cystitis. However, reporting 
of these features may help the clinician explain 
some of the clinical findings. Patients with uri-
nary stasis may have abundant acute inflamma-
tion. An immunocompromised patient with anu-
cleated squames may have malakoplakia.

Fig. 21.4  Pap stain 40×—Squamous differentiation in 
high-grade papillary urothelial carcinoma. The orangeo-
philic cell with the elongated, hyperchromatic nucleus 
may occur in squamous cell carcinoma, urothelial carci-
noma with squamous differentiation, or high-grade uro-
thelial carcinoma. Correlation with biopsy findings is 
needed

 

Fig. 21.3  Pap stain 20×. This is a normal urine sample 
with abundant benign squamous cells in a 72-year-old 
male. These squamous cells could arise from urethral con-
tamination or squamous metaplasia of the bladder trigone
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Bacteria

Bacterial colonies present in urine typically con-
sist of gram negative rods, usually from bacte-
ria native to the colon. When present, they are 
usually associated with mixed acute and chronic 
inflammatory cells and macrophages. Urine cy-
tology is neither a sensitive nor specific means 
of detecting bacterial infection. Urine dipstick 
analysis and culture are more suitable.

Fungi

Fungal organisms affecting the bladder can be 
seen in the urine and usually consist of Candida 
species. Overgrowth of many Candida organisms 
may be present in patients with a urinary fungal 
infection; however, samples left in containers for 
a long period of time may also grow abundant 
Candida. Correlation with the clinical picture is 
necessary. Cystectomy patients with urinary con-
duits have Candida but these are normal flora 
from the gastrointestinal tract. Dimorphic fungi 
( Blastomyces, Histoplasma, Coccidioides) are 
rarely present in the urine and are associated with 
granulomatous inflammation. The specific or-
ganism is dependent on the geographic residence 
or travel history of the patient. The main fungal 
diagnostic value in urine specimens lies in analy-
sis for polysaccharide detection of Histoplasma 
antigen [17].

Viruses

Viral organisms can cause significant cytologic 
changes in the form of viral cytopathic effect. 
HPV viral changes can be present in the form 
of contamination from squamous mucosa, HPV 
changes present in squamous metaplasia of the 
bladder trigone, or in urothelial carcinoma with 
squamous differentiation [18, 19]. Herpes sim-
plex can cause nuclear molding, multinucleation, 
and margination of the chromatin to give the 
classic “ground glass” appearance [20]. The bi-
zarre cytopathic changes should be recognized to 
prevent misdiagnosis of malignancy. Cytomega-

lovirus inclusions can be seen in immunocom-
promised (e.g., HIV, transplant) patients and con-
tain large cells with large blue intranuclear inclu-
sions. Polyoma virus is the most common virus 
seen in urine cytology. Cells infected with this 
virus have characteristic viral inclusions showing 
nuclear enlargement, margination of the nuclear 
material around the nuclear membrane, and a dis-
organized cobweb-like stranding of the nuclear 
material [21]. Ancillary techniques are avail-
able including the SV40 immunocytochemistry 
stain as well as fluorescence in situ hybridization 
(FISH) for the BK virus [22–24]. The viral load 
of the blood can be detected and correlated with 
the BK viral inclusions in the bladder [25]. While 
these are often found in transplant patients, they 
can be present in any type of immunocompro-
mised patients, and rarely, in immunocompetent 
patients [26].

Malignant Changes in the Urine

Urine cytology has low sensitivity (35 % on meta-
analysis) and high specificity (99 %) for detect-
ing high-grade urothelial carcinoma (in situ or 
invasive) [27]. Urothelial carcinoma cells in the 
urine are enlarged, have a decreased nuclear to 
cytoplasmic ratio, are hyperchromatic, and show 
nuclear irregularity (Figs. 21.5 and 21.6) [28]. 
Absence of any of these features would lead to a 
diagnosis of suspicious for urothelial carcinoma. 
Clinical information provided by the cystoscopy 
report, for example, the presence of a bladder 
mass or erythematous areas further strengthens 
the diagnosis. Unfortunately, this information is 
sometimes unavailable and may leave a diagnos-
tic void [28].

Atypical diagnoses are frustrating for clini-
cians. Many etiologies could cause cytologic 
atypia, including presence of bladder calculi, 
inflammation, chemotherapy for another neo-
plasm, or radiation of the prostate or rectum for 
carcinoma (Fig. 21.7). A diagnosis of atypical 
is more worrisome in upper tract specimens as 
compared to lower tract samples and should be 
more thoroughly investigated [29].
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Upper Urothelial Tract Carcinoma

Samples of the upper urothelial tract are usually 
obtained by bladder washing. Upper tract speci-
mens carry their own set of diagnostic and clini-
cal management dilemmas as they are harder to 
visualize. Endoureteroscopy is necessary to fully 
visualize the ureters. Retrograde pyelography 
and CT urograms in conjunction with upper tract 
samples are useful in detecting urothelial carci-
noma [30]. Biopsies of the ureter are difficult 
since they are usually performed through a very 
thin instrument. As a result, ureteral cytology 
may often be the key to the diagnosis.

Ureteral cytology specimens can, however, 
prove diagnostically challenging. They can be 
subject to overinterpretation, particularly when 
obtained from patients with a previous stent for 
obstruction. Reactive urothelial atypia and clusters 
are more prevalent in these specimens due to con-
tact with the stent which leads to reactive epithelial 
changes. In addition, cancers of the bladder may 
detach and wash into the ureter, rendering a false 
positive result [15, 31]. It is important to be cogni-
zant of the presence of a prior bladder cancer when 
interpreting ureter specimens. When evaluating a 
ureter specimen it is extremely helpful to the cytol-
ogist if bladder urine and bilateral ureter samples 
are provided. Bilateral examination may allow for 
comparison between the normal and atypical sam-
ples. Malignant-appearing cells in one ureter and 
negative findings in the contralateral ureter with 
correlating clinical and radiographic information 
would substantiate a diagnosis of positive for ma-
lignancy. However, if atypical/malignant-appear-
ing cells are present in both ureter specimens and 
a bladder urine sample, contamination by bladder 
UC may cause a false positive diagnosis.

Detection of low-grade cytology is difficult 
in urine cytologic specimens. As mentioned pre-
viously, clusters of bland-appearing urothelial 
cells are seen in instrumentation effect or stones 
(Fig. 21.8). Even in patients with cystoscopic 
evidence of a low-grade papillary neoplasm, the 
urine cytology may not correspond to the tumor 
load [15]. Papillary clusters with true vascular 
cores may indicate the presence of a low-grade 
papillary carcinoma if it is in concordance with 
the cystoscopy report [15, 32].

Fig. 21.6  Pap stain 40×—Papillary high-grade urothelial 
carcinoma. Similar nuclear features to Fig. 21.5. Cystos-
copy revealed papillary lesions and biopsy confirmed in-
vasive high-grade papillary urothelial carcinoma

Fig. 21.5  Pap stain 40×—High-grade urothelial carci-
noma with nuclear enlargement, hyperchromasia, ani-
sonucleosis, and increased nuclear to cytoplasmic ratio. 
Whether this patient has urothelial carcinoma in situ or 
invasive, high-grade urothelial carcinoma must be deter-
mined with bladder biopsies

 

Fig. 21.7  Pap stain 40×. Radiation cystitis in a patient 
with a history of adenocarcinoma of the prostate treated 
with radiation. Note the multinucleation and marked cy-
tomegaly while maintaining a normal nuclear to cytoplas-
mic ratio
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Non-urothelial Carcinomas  
in the Urine

Renal cell carcinoma can rarely shed cells into 
the urine if it invades the renal pelvis. This is a 
rare occurrence and should be confirmed with 
immunohistochemistry staining [33, 34].

Adenocarcinoma of the prostate presenting 
in the urine is also rare [34]. One study reported 
four cases in 10,000; these positive cases were 
characterized by acinar cell clusters with large 
pale nuclei and prominent nucleoli. These groups 
can be overlooked as clusters of urothelial cells 
or misinterpreted as low-grade papillary urothe-
lial carcinoma [35].

Ancillary Testing in Urine Cytology

Fluorescence In Situ Hybridization 
UroVysion™

Since the sensitivity and negative predictive value 
of screening urine cytology are so low, testing 
that would increase detection would make urine 
cytology more effective. Urothelial carcinoma is 
an aneuploid cancer, showing multiple copies of 
chromosomes [36]. FISH utilizes probes to detect 
the DNA content of urothelial cells. Centromere 

enumeration probes (CEP) for chromosome 3, 7, 
and 17 label the centromere of the chromosome. 
The presence of more than one signal indicates 
an abnormal DNA content.

The DAPI stain (4′6-diamidino-2-phenyl-
indole) is used to stain the nucleus blue under 
fluorescence microscopy. Normal urothelial cells 
will show a homogeneous stain, reflecting even 
chromatin distribution in a cell with normal DNA 
content. Malignant cells show a heterogeneous 
staining pattern with large nuclei and a clumped 
chromatin pattern. This reflects an aneuploid cell 
with coarse chromatin distribution, characteristic 
of epithelial neoplasms on cytology. These can 
be detected manually by a molecular technologist 
or cytotechnologist or with the use of automated 
screening systems [37].

Once an abnormal cell is detected on the 
DAPI stain, various filters can be used to detect 
the probe. CEP directed toward the chromocenter 
of chromosomes 3, 7, and 17 reflect the number 
of copies of chromosomes. The red filter detects 
probe to chromosome 3, green detects chromo-
some 7, blue detects chromosome 17, and gold 
detects the locus-specific 9p21. Screening for 
large abnormal cells on DAPI, then examining 
them with each filter would make interpretation 
of the test less tedious. In many laboratories, cy-
totechnologists, who are already trained to screen 
for abnormal cells on light microscopy, can be 
trained to examine the cells through the various 
filters.

The minimum number of urothelial cells re-
quired for adequacy varies by laboratory, but 
most accept 25 urothelial cells. Different labo-
ratories have various cutoffs for abnormal cases. 
Generally, when one cell with an abnormal num-
ber of probes is found, the tech looks for at least 
four or more abnormal cells, at which time the 
case may be signed out as “Positive for aneuso-
my.” These patients are at increased risk for can-
cer, even when the cytology is negative. An ab-
normal cell is a case with more than two signals 
in two or more probes. For instance, three signals 
in chromosome 3, and 5 in chromosome 7 would 
be considered an abnormal cell. Special cases to 
consider are when all probes contain four signals, 
or show tetrasomy. These cells may represent 
malignant change; however, they may represent 

Fig. 21.8  Pap stain 40×—Low-grade papillary urothelial 
carcinoma in a patient who had small papillary lesions. 
He underwent transurethral resection of the tumor and had 
urine cytology collected prior to the procedure. No de-
finitive vascular core is present and the cells do not have 
high-grade morphology. These cells are nearly identical to 
those found in an instrumented urine specimen
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a dividing urothelial cell, which may be 2N. Tet-
rasomic cells are found more frequently in the 
upper urothelial tract and should be interpreted 
with caution [38]. Some laboratories may count 
100 consecutive urothelial cells and provide a 
percentage of abnormal cells. Previous literature 
suggests that higher percentage of abnormal cells 
would indicate a higher tumor load.

The locus-specific 9q21 is completely lost 
in low-grade papillary urothelial carcinoma. In 
most cases, this probe is the first to fade away 
and true “loss” is difficult to assess. If the probe 
is absent in every cell, the signal may have faded. 
True 9p21 loss occurs in clusters of urothelial 
cells, which may represent low-grade papillary 
lesions of the bladder.

FISH in the upper urothelial tract should be 
interpreted with caution, if at all. Tetrasomic cells 
in the upper tract are more frequently found due 
to more mitotically active cells present in the 
upper tract and pelvis [38, 39]. Tetrasomic cases 
should be interpreted as suspicious for malig-
nancy, but not as outright positive. In addition, 
concomitant urothelial carcinoma of the bladder 
may cause a false positive result.

ImmunoCyt/uCyt+ testing is an immunofluo-
rescence-based technique to detect bladder can-
cer in the urine. Cell membrane fluorescence for 
high molecular weight glycosylated carcinogenic 
embryonic antigen and bladder cancer mucin 
are evaluated [40]. The presence of five or more 
positive cells confirms a positive diagnosis. Five 
hundred epithelial cells lacking fluorescence 
is considered negative. ImmunoCyt has about 
twofold sensitivity for detecting bladder cancer 
compared to urine cytology, but lower specific-
ity [27].

NMP22 is a marker of urothelial cell death 
expressed in the urine of patients with urothelial 
carcinoma. It also has twofold sensitivity for de-
tection of urothelial carcinoma compared to urine 
cytology [41, 42].

Conclusion

Overall, urine cytology and FISH carry decent 
sensitivity in the detection of urothelial carcino-
ma. The specificity is high and further evaluation 

of the urinary tract with biopsy confirmation is 
warranted in positive cases. In equivocal cases, 
ancillary testing to increase the sensitivity of the 
test or clarify these atypical cases may help the 
clinician make further management decisions.
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Introduction

Pathologic stage is the single most important 
prognostic parameter for renal cell carcinoma 
(RCC). The tumor, nodes, and metastases (TNM) 
staging system has two renal-limited categories: 
a category for local spread outside of the kidney 
and a category for metastatic disease. The pri-
mary mission of the pathologist in evaluation of 
a tumor nephrectomy is to determine if the tumor 
is renal limited, or if it has extended locally into 
veins or into one of the two perinephric fat com-
partments. Metastatic disease is largely the do-
main of the clinician (adrenal metastasis exclud-
ed). To fulfill this charge, the pathologist must 
understand the gross and microscopic nuances of 
the kidney and its environs in order to optimize 
the dissection strategies, and to permit recogni-
tion of invasive behaviors so critical to tissue 
sampling. Although the basic gross and micro-
scopic anatomy of the kidney is familiar to most 
pathologists, there are anatomical points that 
merit specific emphasis with respect to renal neo-
plasia. This chapter reviews the basic anatomy 
of the kidney, its neighboring structures within 

the retroperitoneum, and the numerous potential  
avenues for distant spread.

Retroperitoneum

The kidneys reside in the retroperitoneum. The 
retroperitoneum is a large compartment enclosed 
anteriorly by the peritoneum, posteriorly by the 
transversalis fascia, and vertebrae superiorly by 
the 12th rib, and inferiorly by the iliac crest and 
base of the sacrum [1, 2]. The retroperitoneum 
is spacious compared to the size of the kidneys, 
often permitting neoplasms to grow to a large 
size prior to clinical detection. Thus, symptom-
atic renal tumors typically are of high stage and 
have a very poor outcome.

The retroperitoneum is divided into three fas-
cia-invested compartments or spaces: the ante-
rior pararenal space, the perirenal space, and the 
posterior pararenal space. The anterior pararenal 
space contains several organs and major vessels, 
including the pancreas, duodenal loop, ascending 
and descending colon, and the hepatic, splenic, 
and proximal superior mesenteric arteries. In 
large widely invasive tumors, this compartment 
is occasionally breached leading to composite 
multiorgan resections. The posterior pararenal 
space contains fat but no organs.

The perirenal space is home to the kidneys. 
In addition to the kidneys, it contains the adrenal 
glands, hilar structures such as the vascular ped-
icle and its venous tributaries, renal pelvis and 
ureter, a variable number of hilar lymph nodes 
and two fat-containing compartments important 
in renal staging, the peripheral and the central  
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sinus fat compartments. The anterior and poste-
rior fascial investments of the perirenal spaces 
are known as Gerota’s fascia—a thin connective 
tissue envelope that provides surgical dissec-
tion planes employed during radical perifascial 
nephrectomy (Fig. 22.1a, b). The posterior layer 
is a well-defined layer. The anterior layer, how-
ever, is more delicate and often adheres to the 
peritoneum which may be included in radical 
nephrectomy specimens (Fig. 22.1c). The peri-
renal space is bounded medially by dense fat and 
the adventitial connective tissues of the aorta and 
vena cava that impede communication across the 
midline of perinephric processes such as urine 
leaks, hemorrhage, infection, and even neoplas-
tic infiltration.

Peripheral Perinephric Fat 
Compartment

The peripheral perinephric fat contains the adrenal 
gland, and the hilar structures already mentioned. 
It surrounds the outer aspect of the kidney and is 
separated from the kidney by the fibrous renal 
capsule. The quantity of peripheral perinephric fat 
varies substantially in nephrectomy specimens, 
especially since adrenal-sparing procedures are 
often employed. Although it is common practice 
to weigh nephrectomy specimens, these data pro-
vide little useful information. For RCC to qualify 
as extending into this perinephric compartment, it 
should be in contact with adipocytes, or in loose 
connective tissue containing adipocytes.

Fig. 22.1  a This is a perifascial radical nephrectomy with 
massive main renal vein involvement by clear cell renal 
cell carcinoma. Gerota’s fascia is intact and visible as a 
thin delicate connective tissue envelope for the kidney 
and adrenal. It has been incised medially ( arrow) expos-
ing more clearly the hilar-perinephric fat. b This section 

shows Gerota’s fascia. It is a thin vascularized connective 
tissue layer that invests the peripheral perinephric fat lo-
cated below. c The anterior pararenal space is thin, over-
lying the kidneys. Anterior to it is the peritoneum. In this 
radical nephrectomy, there is a portion of the peritoneum 
(between arrows) covering Gerota’s fascia
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Renal Parenchyma

The kidney consists of two basic components—
the renal cortex and the renal medulla, also known 
as the renal pyramids because of their distinctive 
shape [3] (Fig. 22.2). The cortical tissue includes 
the columns of Bertin, portions of the cortex 

that dip deeply between the renal pyramids to-
ward the renal sinus fat as mentioned above. The 
kidney is partially invested by the renal capsule, 
a dense fibrous tissue layer that covers the pe-
ripheral aspects of the kidney and extends a short 
distance into the renal hilum where it terminates 
(Figs. 22.2 and 22.3a). The cortical columns of 
Bertin that extend between the renal pyramids are 
in direct contact with the renal sinus without an 
intervening fibrous capsule (Fig. 22.3b). Assum-
ing that the renal capsule provides some resis-
tance to tumor extension outside the kidney into 
the peripheral perirenal fat, the absence of a cap-
sule between the columns of Bertin and the sinus 
fat may represent a preferential site for extrarenal 
extension into the central perinephric sinus fat. 
This may be especially pertinent for tumors aris-
ing in the column of Bertin.

The renal cortex consists of two histologi-
cal compartments—the cortical labyrinth and 
the medullary rays. The cortical labyrinth con-
tains glomeruli, proximal and distal convoluted 
tubules, and the initial portion of the collecting 
ducts, as well as the renal arteries, veins, and 
lymphatics. The medullary rays contain parallel 
tubular segments that course down into the me-
dulla and travel back up to the cortex. It is im-
portant to be familiar with the normal histology 

Fig. 22.3  a This section shows the dense fibrous renal 
capsule. It represents a fibrous barrier between the periph-
eral perinephric fat and the peripheral renal cortex. b This 
image shows the interface between a column of Bertin and 
the renal sinus fat. Notice the absence of a fibrous capsule. 

The renal sinus fat with two veins is visible below. It is 
not uncommon for a delicate connective tissue layer to 
be present between the cortical tissue and the sinus fat as 
shown here. Involvement of this connective tissue layer is 
regarded as extension beyond the kidney (pT3a)

 

Fig. 22.2  This nephrectomy was bivalved through the 
lateral mid plane. Most of the perinephric fat was re-
moved. A small portion of the renal capsule is visible 
to the upper right ( red arrow). The renal capsule curves 
into the renal sinus a short distance then terminates ( red 
arrow). The renal parenchyma consists of the renal cor-
tex and medulla. The cortical columns of Bertin extend 
between the pyramids and are in direct contact with the 
renal sinus ( short arrow). The renal sinus is the central 
fatty compartment. Wedges of sinus fat extend toward 
the cortex between the papilla and the columns of Bertin 
( long arrows)
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of the kidney because the nonneoplastic cortex 
provides a window into the presence of systemic 
diseases. Especially important are the common 
systemic diseases hypertension and diabetes—
conditions, that when detected, may have greater 
prognostic implications than the neoplasm itself. 
The reader is referred to the recent reviews on 
this topic that have led to reporting recommen-
dations regarding findings in the nonneoplastic 
cortex [4, 5].

Central Perinephric Sinus Fat 
Compartment

The renal sinus is the fatty compartment lo-
cated within the central confines of the kidney 
(Fig. 22.2). Involvement of the renal sinus veins 
was recognized as the primary route of tumor dis-
semination in nephroblastoma in the early 1980s 
[6]. A similar role in tumor dissemination for 
RCC, however, was not shown until 2000 [7]. In-
clusion of renal sinus involvement in RCC stag-
ing was first codified in the 2002 TNM formu-
lation [8]. Extension into this perinephric com-
partment is now known to be the most common 
site of extrarenal extension by RCC. Therefore, 
understanding the anatomy and histology of this 
compartment is critical to the accurate staging of 
RCC [9, 10].

The renal sinus begins at the renal hilum and 
fills the space between the pelvicalyceal sys-
tem and the renal parenchyma. The renal sinus 
has a complex three-dimensional structure [1, 2, 
11]. There are pyramidal extensions of the sinus 
containing fat and interlobar vessels between the 
renal pyramids that separate the minor calyces 
from the columns of Bertin (Fig. 22.2). These 
slender cords of sinus approach within 1–1.5 cm 
of the renal capsule. Therefore, it is no surprise 
that sinus tissue is commonly present in partial 
nephrectomy specimens. This should be looked 
for grossly at the partial nephrectomy resec-
tion margin and when the specimen is sectioned 
(Fig. 22.4a, b) because sinus fat and sinus veins 
will occasionally be involved. Most renal pyra-
mids and minor calyces angle toward the central 
portion of the renal sinus from the anterior and 
posterior planes of the kidney. Therefore, in a bi-
valved specimen and in kidney sections, the sinus 
tissue can be encountered completely surrounded 
by renal parenchyma (Fig. 22.5a, b).

The renal cortex of the columns of Bertin is 
in direct contact with the renal sinus without an 
intervening capsule in contrast to the peripheral 
renal cortex as previously mentioned (Figs. 22.2 
and 22.3b). The renal tubules of the cortical col-
umn of Bertin tissue may contact adipocytes di-
rectly, or may be separated by loose connective 
tissue fibers. Involvement of either constitutes 
the renal sinus involvement. The renal pyramids, 

Fig. 22.4  a This image shows the surgical resection mar-
gin of a partial nephrectomy. Several renal papillae ( P) 
can be seen. In addition, two wedges of renal sinus fat 

are also visible ( arrows). b This cut surface of the above 
specimen shows a papillary RCC. Notice the two wedges 
( arrows) of sinus fat flanking the renal pyramid
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by contrast, are nested within minor calyces and 
are not in direct contact with the renal sinus. 
When RCC involves the collecting system, it 
usually indicates sinus involvement because it 
would be uncommon, but not impossible, for a 
slender cord of tumor to breach only the papil-
lary tip without also invading the renal sinus. The 
renal sinus’ defining attribute is its lush vascular-
ity discussed in detail below.

Renal Parenchymal Vasculature

The renal parenchymal vasculature has two com-
ponents [1–3, 11–14]. There is a minor system 
of small vessels, the stellate arteries and veins, 
which supply and drain, respectively, the superfi-
cial cortex through the renal capsule (Fig. 22.6a). 
These arteries and veins are themselves supplied 
by, and drain into, the major hilar vessels. An in-

Fig. 22.6  a A small dilated stellate vein can be seen in 
this image traversing the fibrous renal capsule. b The peri-
nephric fat and renal capsule have been removed from this 
nephrectomy specimen exposing the intact tumor capsule. 

Notice the engorged veins that drape across the tumor 
capsule. They disappear ( arrow) as they approach the 
hilum to drain into hilar veins

 

Fig. 22.5  a This bivalved kidney shows a compound 
renal pyramid in the center with two islands of renal 
sinus ( arrows) seen in cross section that are completely 
surrounded by renal parenchyma. b In this section of the 
kidney, there is an island of renal sinus surrounded by the 

cortex to the top and renal pyramids on both sides. There 
is a thin-walled interlobar vein adjacent to the cortex that 
would be easily accessible to a RCC if developing in this 
area
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Fig. 22.7  a This image shows a cortical interlobular vein 
to the left with small interlobular arteries and arterioles 
to the right. The arteries and veins are always adjacent. 
Notice that the vein lacks a smooth muscle media and re-
sembles the peritubular capillaries in the surrounding cor-
tex. Red: actin smooth muscle; brown: CD 31 immuno-
peroxidase stains. b This is the corticomedullary junction. 
The cortex is to the top. Abundant smooth muscle can be 
seen in the media of the artery to the right. However, the 
arcuate vein to the left is devoid of medial smooth muscle. 
Masson’s trichrome stain

 travenous tumor in the peripheral perinephric fat 
represents a tumor that has gained access to the 
stellate system or may be there by retrograde ex-
tension from the hilar connection of the stellate 
veins (see below). It may be that the venous en-
gorgement occasionally observed in tumor cap-
sules represents this system of veins (Fig. 22.6b).

The major renal parenchymal vasculature re-
sides in the central cortical labyrinth. The arteries 
and veins travel in parallel as they ascend from, 
and descend to, the renal sinus, respectively. The 
renal parenchymal veins are distinctive compared 
to veins in most other organs because they lack a 
smooth muscle media (Fig. 22.7a, b). They are 
essentially very large capillaries. The absence of 
a smooth muscle media assumes importance with 
respect to the recognition of retrograde cortical 
venous invasion and the possibility of multifocal 
tumors, issues addressed in Chap. 24.

The interlobular veins of the cortex progressive-
ly enlarge as they approach the corticomedullary  
junction to form the arcuate veins. The arcuate 
veins drain into the interlobar veins that travel 
between the pyramid and enter the renal sinus. 
There are elaborate anastomoses between these 
large veins that encircle the renal pyramids and 
minor calyces. The interlobar veins converge 
within the renal sinus forming segmental veins 
that course anterior to the renal pelvis. Once 
veins enter the sinus, they acquire a smooth mus-
cle media as discussed below. There are no arter-
ies or veins in the renal medulla, only arterioles, 
venules, and capillaries.

Arterial Supply to the Kidney

The kidney’s blood supply is disproportionately 
high compared to that of other organs. Although 
the kidneys represent only 1 % of the body mass, 
they receive 25 % of the cardiac output, five 
times the blood flow through the coronary arter-
ies [15]. Since only 1 % of the glomerular filtrate 
is normally excreted as urine, there is a compara-
bly impressive venous return that exits the renal 
sinus through the renal veins. Thus, tumors aris-
ing within the kidney are heavily perfused with 
a voluminous venous return that potentiates ve-
nous metastases.

One of the first observations in a nephrectomy 
for RCC is examination of the vascular hilum, 
and in particular, assessment of the hilar ves-
sels. Although there are countless variations in 
the organization of the renal arteries (and veins 
as discussed below), there are a few generaliza-
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Fig. 22.8  This image shows the vascular hilum of a left 
kidney. Notice that the arteries and vein are located an-
terior to the renal pelvis. The artery on the left has five 
segmental branches. The main renal vein on the right is 
formed by the confluence of four tributaries. Notice that 
the segmental renal arteries and veins interdigitate

 

Fig. 22.9  a This large sinus vein has just exited the renal 
parenchyma. Notice the abrupt transition from scant to 
nonexistent smooth muscle on the left, to a very thick 
smooth muscle media on the right. Does only the por-
tion to the right qualify as a “muscle containing vein”? 
What if the tumor was present only in the portion to the 
left? b This large sinus vein has a large quantity of smooth 
muscle in the vicinity on the right and to the bottom, but 
no muscle to the left. Is this a “muscle-containing vein”? 
Fully expanded it would be at least 1 cm in size, possibly 
even larger

 

tions that apply to most nephrectomy specimens 
[3, 11–14]. The most common arterial arrange-
ment is for the main renal artery to give rise to an 
anterior and posterior division. Four segmental 
arteries arise from the anterior division to sup-
ply the upper and lower poles and the anterior 
kidney. The posterior division continues as the 
posterior segmental artery. The segmental arter-
ies sequentially branch into the interlobar arter-
ies that enter the renal parenchyma giving rise 
to six to eight arcuate arteries, from which the 
interlobular arteries are derived that ascend to 
the renal capsule. These arteries are all end ar-
teries. There is a vascular junction between the 
anterior and posterior blood supply 1–2 cm pos-
terior to the lateral convex border of the kidney. 
This is known as “Brödel’s bloodless line of inci-
sion,” a useful landmark for surgical entry to the  
kidney [11].

Although the arteries play no role in tumor 
dissemination or staging, documentation of sig-
nificant atherosclerotic disease is important be-
cause of its role in nephrosclerosis. The major 
grossing issue related to renal arteries is their 
frequent tendency to intertwine with the major 
tributaries of the main renal vein at the renal 
hilum (Fig. 22.8). This complicates the dissec-
tion of the renal veins and may explain the all 
too frequent occurrence of stapling of arteries 
and veins together, especially with laparoscopic  
resections.

Renal Sinus Veins

Once the interlobar veins enter the renal sinus 
fat, they lose their association with the renal ar-
teries and acquire a smooth muscle media [10]. 
The smooth muscle of the sinus veins is remark-
ably variable in quantity and organization. The 
sinus veins may have a thick layer of smooth 
muscle that abruptly transitions into a thin layer 
or no muscle, or the muscle may have only a 
loose association with the actual vascular lumen 
(Fig. 22.9a, b). This is noteworthy because the 
TNM staging definition of sinus vein involvement 
employs the term “muscular containing vein” [8]. 
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Since large caliber sinus veins may have little or 
no muscle, or the muscle may become attenu-
ated or destroyed when involved by a tumor, this 
qualification is counterproductive. Furthermore, 
it has been clearly demonstrated that at least in 
clear cell RCC, venous involvement begins with 
entry into large veins that drain the tumor [10]. 
Therefore, the author contends that any sinus vein 
involved regardless of size, or quantity of smooth 
muscle, should be regarded as significant and as-
signed a pT3a stage designation.

The multiple proximal tributaries of the main 
renal vein within the renal sinus are large veins 
that may normally range up to 1–2 cm in diam-
eter. They can become much larger when involved 
by a tumor. Gross appreciation of the impressive 
sinus venous system, however, requires section-
ing the kidney though its “venous plane.” The 
venous plane is offset from the mid plane of the 
kidney. There are no large sinus veins posterior to 
the renal pelvis. The veins that drain the posterior 
kidney cross over the minor calyces anterior to the 
renal pelvis, to join the anterior veins before exit-
ing through the renal hilum to form the main renal 
vein. The venous plane will be missed with sec-
tioning through the lateral mid plane or sectioning 
through the collecting system. Compare the kidney 
in Fig. 22.2 sectioned along the lateral mid plane 
in which the sinus veins are inconspicuous and 
cut in cross section, with the kidney in Fig. 22.10, 

which was sectioned through the venous system 
along probes placed within the major renal veins.

Main Renal Veins and Their Systemic 
Venous Connections

The right renal vein is shorter than the left renal 
vein by 2–4 cm because the vena cava lies to the 
right of the aorta (Fig. 22.11a). Although there 
are important differences between the left and 

Fig. 22.11  a This autopsy specimen shows the short right 
renal vein and the much longer left renal vein. The main 
renal veins on both sides begin outside of the renal hilum 
as two large primary tributaries merge. The left renal vein 
( right side) is fed by the left adrenal vein to the top and the 
left gonadal vein to the bottom ( arrows). b This autopsy 

left kidney shows complicated interconnection of the 
hilar veins. The main renal vein begins several centime-
ters outside of the renal hilum. There are interconnections 
between the primary tributaries of the main renal vein and 
a thin connection to the large left adrenal vein pointing 
upwards. The gonadal veins are to the bottom

 

Fig. 22.10  This nephrectomy specimen was venous per-
fusion fixed allowing visualization of the sinus venous 
system. The specimen was opened through the venous 
plane by placing probes within the primary tributaries of 
the main renal vein and cutting along that plane. The pel-
vis would be deep to this plane
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right main renal veins, a feature that they have in 
common is the frequent occurrence of anomalies. 
This seems to make every nephrectomy speci-
men a unique developmental experiment and a 
dissection challenge for the pathologist.

It is common for more than one major vein to 
be present at the vascular resection margin of a 
nephrectomy specimen because the convergence 
of the primary tributaries of the right and left seg-
mental veins to form the main renal vein often 
occurs outside of the renal hilum (Figs. 22.8 
and22.11a, b). This is more common on the left 
side where there may be two to three large renal 
vein tributaries to examine for venous involve-
ment [13–15]. Unfortunately, when there are 
large main renal vein tributaries located outside 
of the renal hilum, this can result in disagreement 
between the pathologist and the radiologist about 
the status of the main renal vein (Fig. 22.12). 
The radiologist will report the main renal vein 
involvement when the tumor is within the final 
point of convergence of all venous tributaries 
forming a single vein which may be several cen-
timeters beyond the renal hilum. However, the 
pathologist will often report a main renal vein 
involvement when a large caliber renal vein at 

the renal hilum is occluded by a tumor, often un-
aware that on imaging studies this vein was only 
a large tributary of the main renal vein. A simi-
lar conundrum is created when multiple “main” 
renal veins attach directly to the vena cava. This 
is also common. Approximately 24–30 % of right 
renal veins will have two to three separate vena 
cava attachments, while 10 % of left renal veins 
will have two separate vena cava attachments 
[13–15].

The renal veins frequently receive one or 
more extrarenal venous tributaries, such as the 
adrenal, ureteric, gonadal, lumbar, and segmental 
veins (Fig. 22.13). The left adrenal vein drains 
into the main renal vein or one of its large tribu-
taries while the right adrenal vein drains directly 
into the vena cava (Figs. 22.11a, b and 22.14). 
The gonadal vein and lumbar vein frequently 
join the main renal veins after they exit the renal 
sinus (Fig. 22.14). This occurs in 58 % of cases 
on the left side, but only 3 % of cases on the right 
side. When these veins do not drain into the main 
renal vein, they drain directly into the vena cava 
and are close to the origin of the main renal vein 
and represent potential avenues for intravenous 

Fig. 22.12  This computed tomography (CT) scan shows 
a RCC in the left kidney. The tumor extends into a large 
primary tributary of the left main renal vein ( arrow). The 
author reported this as a positive left main renal vein, un-
aware that it was only a tributary and another branch vein 
was present draining the opposite pole

 

Fig. 22.13  This is a left radical nephrectomy showing 
venous engorgement due to the main renal vein involve-
ment ( 1). Notice the adrenal vein ( 2) and adrenal gland 
( 3), capsular veins ( 4) posterior lumbar vein ( 5), ureteral 
veins to the right. It is easy to envision once the tumor oc-
cludes the main renal vein for the tumor to preferentially 
extend into the other veins and metastasize to the adre-
nal gland, vertebral venous plexus via the lumbar vein or 
down the ureter to the pelvis. In addition, when a tumor 
is found in the capsular vein in the perinephric fat, it is 
conceivable that it arrived via retrograde flow from the 
main renal vein

 



280 S. M. Bonsib

dissemination of a tumor to pelvic or more wide-
spread locations when the main renal vein is in-
volved.

The multiple venous connections of the main 
renal veins are significant because they com-
municate with the hemiazygous veins on the left 
side and azygous veins on the right side which 
are in turn connected with the common iliac 
veins (Fig. 22.14). The lumbar veins at every in-
tervertebral disc connect to the vertebral venous 
system. The vertebral venous system consists of 
a venous labyrinth within each disc and several 
longitudinal sinuses that extend along the entire 
spinal column. Inferiorly, this system communi-
cates with the sacral, pelvic and prostatic veins. 
Superiorly, it communicates with the intracranial 
venous system which is composed of the cortical 
veins, the dural sinuses, the cavernous sinuses, 
and the ophthalmic veins. The subsequent venous 
drainage of the intracranial systems ultimately 
flows into the jugular veins to the superior vena 
cava.

In 1940, Batson employing intravenous in-
jection with X-rays studies demonstrated that 
the vertebral venous system was a low pres-
sure, valveless system that permits bidirectional 
blood flow [16, 17]. With changes in intracranial 
pressure, blood flows into the vertebral venous 
system. With the valsalva maneuver, or strain-
ing, coughing, sneezing, etc., blood flows from 
intrathoracic, abdominal, and retroperitoneal 
veins into the vertebral venous plexus and the 
intracranial venous system. Thus, cancers of the 
kidney can spread to the pelvic bones and or-
gans, the vertebral skeleton, and demonstrate the 
seemingly paradoxical behavior of bypassing 
the heart and lungs to metastasize to the skull, 
brain, and head and neck sites [16, 18–20]. Bat-
son commented about the vertebral venous sys-
tem: “We have a vast intercommunicating sys-
tem of veins…constantly and physiologically 
the site of frequent reversals of flow. During 
these reversals a pathway up and down the spine 
exists which does not involve the heart or lungs. 
It provides a ready vehicle for the explanation of 
‘aberrant’ metastatic patterns and removes the 
stumbling block of the absence of lung involve-
ment.” Some of these complex venous intercon-
nections are demonstrated in a left nephrectomy 
(Fig. 22.13) and in a venous diagram provided 
(Fig. 22.14).

Renal Lymphatics

Hematogenous dissemination is the principle 
invasive pathway for RCCs. However, it is im-
portant to be familiar with the lymphatic drain-
age of the kidney and the diverse nodal stations 
that lymphatic metastases may involve because 
lymph node dissections have demonstrated 
that from 7 to 17 % of patients have hilar or 
locoregional lymph node metastases [19, 20]. 
This occurs more commonly with certain RCC 
types, particularly papillary and chromophobe  
RCCs [19].

There are two lymphatic systems in the kid-
ney [21, 22]. Similar to the stellate arteries and 
veins, there is a minor capsular lymphatic system 

Fig. 22.14  This diagram shows the diverse venous inter-
connections between the renal veins and the hemiazygous 
and azygous systems which communicate with the iliac 
veins and the lumbar veins at each intervertebral space 
providing avenues for metastatic spread to pelvic and ver-
tebral venous systems
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that drains the superficial cortex and courses to-
ward the renal hilum to join the major lymphatic 
system that exists through the renal sinus. The 
major lymphatic system travels with the arterial-
venous structures. In the mid to upper cortex, 
one or more small lymphatics of the caliber of 
peritubular capillaries are located within the con-
nective tissue investment of interlobular arteries 
(Fig. 22.15a). Lymphatics lack smooth muscle so 
they are indistinguishable from capillaries and 
veins unless stained with a marker specific for 
lymphatic endothelium.

The small lymphatics enlarge and become 
more numerous as they descend along the inter-
lobular vessels to the corticomedullary junction. 
As the corticomedullary junction is approached, 
the lymphatics stray from the arterial adventitia 
although they remain associated with the arterial-
venous structures. The cortical lymphatics are 
invariably smaller than the adjacent veins. The 
lymphatics continue to travel with the arcuate 
and interlobar vessels until they enter the renal 
sinus. There are no lymphatics among the glom-
eruli and renal cortical tubules, or in the renal 
medulla, unless inflammation-associated neo-
lymphangiogenesis occurs [23]. It is not known if 
such new lymphatics are actually functional and 
connected to the native lymphatics.

The largest caliber lymphatics occur within 
the renal sinus where they appear to lose a vas-
cular association and are scattered throughout 

the sinus fat (Fig. 22.15b). Sinus lymphatics 
may have an interrupted smooth muscle media, 
but most often the lymphatics consist solely of 
a thin endothelial cell layer as the lymphatics 
within the renal parenchyma. There are numer-
ous lymphatics within the renal pelvic muscularis 
allowing pelviureteral lymphatic spread of RCC 
(Fig. 22.15c).

Most Lymph exit through the renal hilum and 
flows to the hilar lymph nodes and/or the locore-
gional lymph nodes. That said, most radical ne-
phrectomy specimens will not contain any hilar 
lymph nodes. In a recent study in which all of the 
hilar fat was examined histologically, only 20 % 
of cases had lymph node tissue identified [24]. 
The primary locoregional drainage for the right 
kidney are the precaval, postcaval, and interaor-
tocaval lymph nodes, while the primary locore-
gional drainage for the left kidney are the para-
aortic, postcaval, and postaortic lymph nodes 
[22, 25].

Lymphatic involvement in RCC is very un-
predictable. Only a third of patients with positive 
locoregional nodes will have positive hilar lymph 
nodes because the renal lymph may follow a 
number of alternate routes and not only bypass 
hilar lymph nodes, but may even bypass locore-
gional lymph nodes and flow to more distal nodal 
stations, such as the pelvic and thoracic lymph 
nodes [25, 26]. As shown in the drawing from the 
classic lymphatic injection studies of Parker in 

Fig. 22.15  a This image is from the superficial corti-
cal labyrinth. It shows multiple small cortical lymphatic 
endothelia stained with podoplanin. The lymphatics are 
associated with the arterial-venous system. The vein on 
the left is larger than the several stained lymphatics. b 

This is a lymphatic within the sinus fat. It consists of an 
endothelial cell lining without a smooth muscle media. c 
The pelvis mucosa is invested with numerous lymphatics. 
These allow the intralymphatic tumor to spread along a 
pelviureteral pathway
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1935, there are three parallel tracks that an in-
tralymphatic tumor can follow up and down the 
aorta and the vena cava [22] (Fig. 22.16). Renal 
lymphatics may connect directly to the thoracic 
duct without passing through any intervening 
lymph node stations (Fig. 22.16). This occurs 
more often on the right side than the left side (38 
versus 15 %). This allows intralymphatic RCC to 
flow into the left brachiocephalic vein and me-
tastasize to the lungs without nodal involvement. 
The unpredictability of lymphatic spread may ex-
plain the lack of survival advantage afforded by 

lymph node dissections resulting in a decreasing 
incidence of routine regional lymph node dissec-
tion in RCC treatment [26]. It has also hampered 
implementation of sentinel lymph node biopsy 
in operative staging of RCC which is technically 
feasible [27].

Conclusion

The kidneys and their environs are complex and 
important to understand not only for specimen 
handling and pathologic staging purposes, but 
also for understanding the phenomenal potential 
of RCC to spread to seemingly anomalous sites. 
The kidneys have four coverings—the renal cap-
sule, the perinephric fat, Gerota’s fascia, and the 
anterior and posterior pararenal spaces. They are 
cushioned internally and externally by perirenal 
fat compartments. These many layers would seem 
to impart numerous barriers to distant spread. 
However, the kidney’s uniquely voluminous arte-
rial blood supply, with its equally impressive ve-
nous return, allows RCC to circumvent these bar-
riers because the majority of RCCs gain access 
to the venous outflow prior to any another type 
of extrarenal extension. This becomes an even 
greater liability since the renal veins not only 
drain directly into the largest caliber vein of the 
body, the vena cava, but also freely interconnect 
with the azygous and hemiazygous systems and 
the large volume, low pressure, and the valveless 
bidirectional cerebrospinal venous system. Col-
lectively, these interconnected venous highways 
allow metastases to travel to the liver and lungs, 
descend into the pelvis, or bypass the abdominal 
and thoracic organs with seemingly paradoxical 
metastases to the brain, head, and neck.

The renal lymphatics, although representing 
a minor metastatic pathway, not only flow into 
the hilar and locoregional nodes but may directly 
connect to the pelvic and thoracic nodal stations 
allowing the lymphatic tumor spread to bypass 
the more proximal nodal stations. This compro-
mises the ability of the urologist to surgically 
control locoregional lymphatic spread. Direct 
lymphatic connections to the thoracic duct by-
passing nodal stations allows the intralymphatic 

Fig. 22.16  This diagram by Parker shows the elaborate 
lymphatic intercommunications between the locore-
gional nodal stations and the pelvic and thoracic nodal 
stations. Notice the most superior lymphatic pathway to 
the thoracic duct that allows the lymph to flow from the 
kidneys directly into the brachiocephalic vein potentially 
bypassing all nodal stations. (Used with permission from  
Parker [22])
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tumor to spread via hematogenous routes to the 
lung, even in the absence of intravenous invasion 
by the primary tumor.

The countless number of venous and lymphat-
ic pathways available to RCC explains why no 
bone, organ, or body site is immune to RCC me-
tastases. Furthermore, these anatomic complexi-
ties underscore the fact that when we generate a 
pathologic stage, it represents the least stage of 
the process, but not necessarily the true stage of 
the process. The tumor may have already escaped 
the confines of the specimen and its environs by 
the time of our examination.
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Introduction

The first major unifying classification system for 
renal cell carcinoma (RCC) and other adult renal 
tumors was developed at an international con-
sensus conference in Heidelberg, Germany, in 
1996 [1]. In the Heidelberg classification, RCC 
was divided into conventional RCC, chromophil 
(papillary) RCC, chromophobe RCC, collecting 
duct RCC (including medullary carcinoma) and 
RCC, unclassified types. Benign tumors included 
oncocytoma, papillary adenoma, and metaneph-
ric adenoma. This classification system was en-
dorsed in a subsequent consensus conference 
held in Rochester, MN in 1997 [2]. Since that 
time, refinements have been made in the classi-
fication system with the additional description of 
unique and rarer subtypes that was endorsed at 
an International Society of Urologic Pathology 
(ISUP) consensus conference in 2012 in Vancou-
ver, Canada, (Table 23.1), and this tumor classifi-
cation is discussed in this chapter [3].

Grading of Renal Cell Carcinoma

The first major study on RCC grading was pub-
lished in 1932 by Drs. Hand and Broder from the 
Mayo Clinic. Their grading system was based on 
nuclear features and correlated with patient out-
come. Since that time, three notable studies ad-
dressing RCC grading have been published, and 
with the exception of the 2012 ISUP consensus 
conference grading system, all were reported 
prior to the Heidelberg and Rochester classifica-
tions. The work by Skinner et al. is of particular 
note as these authors analyzed their experience 
with a large cohort of surgically treated patients 
and found that a four-tier nuclear grading system 
based on the worst grade of a tumor stratified pa-
tients into four prognostic groups [4]. The 309 
patients in their series treated by nephrectomy 
and with at least 5 years follow-up had 5-year 
survival for grades 1, 2, 3, and 4 of 75, 65, 56, 
and 26 %, respectively. Skinner et al. also report-
ed for the first time that grade remained prog-
nostic within the various RCC stages (Robson) 
including advanced stages. The authors also real-
ized at that time that little was known of the vari-
ous types of RCC, and divided tumors into clear 
cell, clear cell or granular, and spindle cell types. 
Subsequently, the most cited paper on RCC grad-
ing was published by Fuhrman et al. in 1982 
[5]. Their study consisted of 103 patients, 84 
treated by nephrectomy and with at least 5 years 
of follow-up. The grading system had four tiers 
and was based on nuclear features (size, shape, 
nucleoli) and the highest grade within a tumor 
was designated as the overall grade identical to 
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Skinner et al. Fuhrman et al. made the additional 
observation of nucleolar size evident at various 
microscopic magnifications as an additional ob-
jective measure of nuclear grade. In their survival 
analysis, only three groups that differed in out-
come were identified. Fuhrman grade 1 tumors 
had a survival of 65 % compared to grades 2 and 
3 at 30 % and grade 4 at less than 10 %. Prior to 
2012, the Fuhrman grading system was recom-
mended for clinical use.

Shortcomings in the Fuhrman grading system 
have been well documented, and in 2012, a con-
sensus conference of the ISUP developed grad-
ing system recommendations that were specific 
to the classification of RCC. Studies examining 
the prognostic impact of grade on outcome have 
been limited to clear cell, papillary, and chromo-
phobe RCC as the other RCC types are too in-
frequent to analyze or have a relatively defined 
clinical behavior. In clear cell and papillary RCC, 
the ISUP recommended that the grade is deter-
mined exclusively by nucleolar prominence in 
grades 1–3, that grade 4 includes pleomorphic 
cells or sarcomatoid and rhabdoid differentiation 
(Table 23.2 and Fig. 23.1), and that chromophobe 
RCC should not be graded [6]. In clear cell RCC, 
the ISUP system shows a strong association with 
cancer-specific outcome among surgically treat-
ed patients at the Mayo Clinic (Fig. 23.2) [7]. A 
study subsequent to the ISUP consensus confer-

ence found that the addition of coagulative tumor 
necrosis in the clear cell RCC grading system im-
proved the prognostic ability of the ISUP grad-
ing system particularly for grade 3 tumors where 
grade 3 clear cell RCC without necrosis has a 
5-year cancer specific survival of 62 % compared 
to 30 % for tumors that have necrosis [7].

Classification of Adult Renal Tumors

Clear Cell Renal Cell Carcinoma

Clear cell RCC accounts for approximately 70 % 
of all RCC [8]. The highest incidence occurs in 
the sixth and seventh decades but there is a wide 
age distribution, and males are affected twice 
as frequently as women. Presenting signs and 
symptoms include hematuria, abdominal pain 
or discomfort, scrotal varicocele, or generalized 
symptoms such as weight loss, fever, anorexia, or 
fatigue. Tumors are frequently identified inciden-
tally by imaging for unrelated issues. Clear cell 
RCC is cortically based and are generally soli-
tary, and multiple lesions should raise the consid-
eration of von Hippel–Lindau disease caused by 
a germ-line mutation of the Von Hippel–Lindau 
(VHL) tumor suppressor gene at chromosome 
3p25.

Clear cell RCC generally exhibits a round to 
lobulated growth pattern with pushing borders 
and formation of a fibrous pseudocapsule. High-
grade clear cell RCC may have infiltrative mar-
gins. Low-grade tumors have a distinctive gold-
en yellow appearance due to high lipid content 
that may be lost in higher grade tumors. Areas 
of hemorrhage, fibrosis and cystic degeneration 
are frequent. Clear cell RCC exhibits a sheet-like 

Table 23.1  Classification of adult renal tumors
Renal cell carcinoma 
(RCC)

Benign

Clear cell RCC Oncocytoma
Multilocular cystic RCC Papillary adenoma
Papillary RCC Metanephric adenoma
Chromophobe RCC Angiomyolipoma
Collecting duct RCC Epithelioid AML
Medullary carcinoma Cystic nephroma
RCC, unclassified type Mixed epithelial andstromal 

tumor
Clear cell papillary RCCa

Xp11 translocation associated RCCa

Mucinous tubular and spindle cell carcinomaa

Tubulocystic carcinomaa

Thyroid-like follicular carcinomaa

AML angiomyolipoma
aDenotes new RCC variant not recognized in 1996 
Heidelberg and 1997 Rochester classifications

Table 23.2  2012 ISUP grading system for clear cell and 
papillary RCC
ISUP grade Feature
Grade 1 Absent or inconspicuous nucleoli
Grade 2 Nucleoli evident at 400x but inconspicu-

ous or invisible at 100x
Grade 3 Nucleoli visible at 100x
Grade 4 Nuclear pleomorphism or rhabdoid or 

sarcomatoid differentiation
ISUP International Society of Urologic Pathology
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Fig. 23.1  ISUP grading for clear cell RCC. Grade 1 ( a), 2 ( b), and 3 ( c) are defined by nucleolar prominence while 
grade 4 ( d) contains pleomorphic cells
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Fig. 23.2  Kaplan-Meier curve of patients treated by ne-
phrectomy at the Mayo Clinic between 1970 and 2008 for 
clear cell renal cell carcinoma ( RCC). International Soci-

ety of Urologic Pathology ( ISUP) grade is significantly 
associated with the outcome
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or nested growth pattern interspersed by a rich 
network of delicate thin-walled vessels. The cells 
within clear cell RCC typically have an abundant 
clear cytoplasm and prominent cell membranes. 
Higher grade tumors may lose this lipid pro-
duction and show populations of cells having a 
more eosinophilic or granular appearance. Most 
clear cell RCCs show reactivity using antibodies 
against low-molecular-weight keratins, vimen-
tin, RCC antigen, epithelial membrane antigen 
(EMA) carbonic anhydrase IX (CA IX), and 
CD10. Clear cell RCC is usually not positive for 
cytokeratin 7 (CK7) or alpha-methylacyl CoA ra-
cemase (AMACR), features that can be helpful 
separating clear cell from papillary RCC. CD117 
and e-cadherin are negative in clear cell RCC in 
contrast to chromophobe RCC. Immunohisto-
chemical stains may be useful in separating clear 
cell RCC from other subtypes on needle core bi-
opsy specimens using a panel that includes CA 
IX, CD117, AMACR, CK7 and CD10 [9]. Ge-
netic testing of clear cell RCC is characterized 
by structural alterations of the short arm of chro-
mosome 3 (3p) resulting in the loss of genomic 
material at 3p21 and 3p12–14 or 3p25.

The outcome of patients with clear cell RCC 
is dependent on grade, stage, tumor size, coagu-
lative tumor necrosis, and the presence of sarco-
matoid and rhabdoid differentiation [10]. A num-
ber of clinical nomograms are available based on 
these features to predict outcome [11]. In regard 
to the three most common RCC subtypes, stage 
for stage and grade for grade, clear cell RCC has 
a worse outcome than papillary and chromo-
phobe RCC (Fig. 23.3) [12].

Multilocular Cystic Renal Cell Carcinoma

Multilocular cystic RCC is an uncommon variant 
of clear cell RCC accounting for less than 2 % of 
RCC. This tumor is multicystic, and cysts are lined 
by cells with low grade nuclear features and clear 
cytoplasm in addition to small nests of clear cells 
in the cyst walls. Expansile nests of clear cells, 
however, disqualify a tumor from this diagnosis.  
The distinction of multilocular cystic RCC from a 
benign renal cortical cyst is made by the presence 
of multiple cell layers lining the cysts or more 
frequently and more dependably, by the presence 
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Fig. 23.3  Patients with clear cell renal cell carcinoma 
( RCC) have a significantly worse outcome than patients 
with papillary and chromophobe RCC. The Kaplan-Meier 
curve shows the outcome difference between all patients 

with these tumor types treated surgically at the Mayo 
Clinic. This outcome difference is also seen within the 
various tumor nodes metastasis (TNM) stages
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of nests of clear cells in the cyst wall. Patients 
have an excellent outcome following tumor exci-
sion, and in our experience, none of these tumors 
has exhibited aggressive behavior.

Papillary Renal Cell Carcinoma

Papillary type RCC is the second most common 
type of RCC, and accounts for 10 % of adult RCC 
[8]. The age distribution, male to female ratio, 
and presenting signs and symptoms are similar 
to patients with clear cell RCC. Papillary RCC 
(PRCC) is typically solitary, but multifocal or bi-
lateral lesions are not uncommon, and rarely in-
dicative of an inherited RCC syndrome. Grossly, 
PRCC is lobulated and circumscribed and fre-
quently show degenerative changes with hemor-
rhage and friability. PRCC demonstrates a wide 
variety of morphologic features but are charac-
terized by a papillary or tubulo-papillary growth 
pattern. Papillary structures are composed of 
fibrovascular cores that contain lipid-laden his-
tiocytes. Some tumors have a more solid and 
tubular growth pattern mimicking metanephric 
adenoma. Psammomatous calcifications, areas 
of hemosiderin deposition (that can be present 
within the cytoplasm of tumor cells) and necrosis 
are also frequent findings.

The cells comprising PRCC can be quite vari-
able showing a range of minimal to abundant 
eosinophilic, basophilic, or clear cytoplasm. This 
variability in cytoplasmic appearance has result-
ed in the categorization of PRCC into two types 
based in part on these cytoplasmic differences 
(Fig. 23.4) [13]. Tumors classified as type 1 are 
comprised of cells with a minimal amount of pale 
to basophilic cytoplasm and small oval nuclei 
with inconspicuous nucleoli. Cells of type 1 tu-
mors tend to be distributed in a single layer along 
the papillary structures and commonly show lip-
id-laden macrophages and psammomatous calci-
fications. Type 2 tumors are comprised of cells 
with more abundant eosinophilic cytoplasm and 
larger, round nuclei with visible nucleoli, show-
ing a pseudostratified organization along the pap-
illary structures. Classifying a particular PRCC 
as type 1 or 2 can be problematic at times as there 
can be areas demonstrating features of both types 
within a single tumor. Cells with clear cytoplasm 
can be seen in PRCC, though generally they do 
not show the clarity of clear cell RCC but have a 
suggestion of granularity within the cytoplasm. 
The presence in a tumor with a papillary growth 
pattern of a significant proportion of cells with 
clear cytoplasm should raise the possibility of 
a translocation-associated RCC. Immunohis-
tochemically, tumors are positive for low mo-
lecular weight keratin, RCC, CD10 and P504S, 

Fig. 23.4  Two examples of papillary RCC showing the wide spectrum in histologic appearance. The tumor ( a) is type 
1, grade 1, while the tumor ( b) is type 2, grade 3
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and CK7 is present in a significant proportion of 
PRCC with type 1 morphology. In cases of low-
grade papillary RCC with basophilic features that 
resembles metanephric adenoma, WT-1 and CK7 
are particularly helpful, as PRCC is WT1 nega-
tive and CK7 positive in contrast to metanephric 
adenoma. Immunohistochemistry (transcription 
factor E3/transcription factor EB, TFE3/TFEB) 
and molecular genetic analysis can be used to 
differentiate from translocation-associated tu-
mors. The most reproducible genetic abnormal-
ity in PRCC is trisomy of chromosomes 7 and 17. 
Patients with PRCC have a better outcome grade 
for grade and stage for stage when compared to 
patients with clear cell RCC. Features predictive 
of outcome include tumor grade and stage. Al-
though it is recommended to report the type of 
PRCC, the grade is a stronger prognostic feature 
than the type [14].

Clear Cell Papillary Renal Cell 
Carcinoma

Clear cell PRCC (also known as clear cell tu-
bulopapillary RCC) is a relatively recently de-
scribed subtype of RCC that displays features of 
both clear cell and PRCC. This entity, along with 
other recently described entities addressed in this 
chapter, is covered in greater detail in Chap. 26 
of this book. These tumors are typically cir-
cumscribed, encapsulated, and solitary although 
multiple tumors have been described in patients. 
They show areas of papillary, acinar, or tubular 
growth with a cystic component common. The 
cells have a small to moderate amount of clear 
cytoplasm and small, compact nuclei. A helpful 
diagnostic feature is the orientation of the nuclei 
towards the apical aspect of cells lining tubules 
or papillary structures. Unlike PRCC, clear cell 
papillary RCC does not contain clusters of lipid-
laden histiocytes or exhibit necrosis.

Clear cell papillary RCC demonstrates a dis-
tinct immunophenotype. Tumor cells are strongly 
positive for CK7 and CA IX, and are typically 
negative for CD10 and AMACR [15]. Molecular 
studies have shown that clear cell papillary RCC 
represents an entity distinct from either papillary 

or clear cell RCC as it does not exhibit trisomy 
7 or 17 or alteration of chromosome 3p. Based 
on reports thus far, clear cell papillary RCC is an 
indolent tumor. Nearly all tumors are low grade 
(ISUP grade 1 and 2) and low stage, and no re-
ports of death have been reported although in our 
experience, rare tumors have acted aggressively.

Chromophobe Renal Cell Carcinoma

Chromophobe RCC constitutes approximately 
5–10 % of RCC [8, 10]. Signs and symptoms, age 
distribution and male to female ratio are similar 
to other RCC subtypes. Chromophobe RCC can 
be quite large and most are circumscribed, ho-
mogenous, and lack necrosis (Fig. 23.5). Higher 
stage tumors and tumors with necrosis should 
raise concern for sarcomatoid differentiation. 
Chromophobe RCC has a characteristic histo-
logic appearance with solid growth and cells that 
have distinct cell membranes, abundant clear to 
eosinophilic cytoplasm with perinuclear clear-
ing and irregular nuclei imparting a “plant cell” 
appearance to the tumor. Some tumors are com-
posed of cells with eosinophilic cytoplasm, the 
so-called eosinophilic variant of chromophobe 
RCC. The nuclei in chromophobe RCC have a 
characteristic appearance and are particularly 
helpful in separating from other tumors, par-
ticularly oncocytoma. The nuclei have irregular 

Fig. 23.5  Chromophobe RCC can be quite large, and the 
histologic appearance shows a classic “plant cell” appear-
ance
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wrinkled contours, often described as “raisinoid” 
or “koilocytotic” with condensed chromatin and 
inconspicuous nucleoli. Chromophobe RCC 
usually demonstrate reactivity with antibodies 
against pan keratins, CK7, CD117 and e-cadherin 
and are usually negative for CD10 and vimentin. 
The most common recurrent genetic abnormali-
ties described in chromophobe RCC are losses 
of whole chromosomes 1, 2, 6, 10, 13, 17, and 
21. Outcome for chromophobe RCC is similar to 
patients with papillary RCC. Features associated 
with outcome include stage, tumor necrosis, and 
presence of sarcomatoid component [10]. The 
ISUP recommends that tumors that share features 
of chromophobe and oncocytoma be designated 
as “hybrid” oncocytic chromophobe tumor and 
be classified as chromophobe RCC [3].

Collecting Duct Carcinoma

Collecting duct RCC (or carcinoma of the col-
lecting ducts of Bellini) accounts for less than 
1 % of RCCs [8]. There is a slight male predomi-
nance. The mean age at presentation is around 55 
years with a wide age distribution ranging from 
the first to the ninth decades. Signs and symp-
toms leading to discovery are similar to those of 
other renal epithelial malignancies. Collecting 
duct carcinoma has been associated with renal 
allografts.

Collecting duct RCC is medullary in origin, 
although this feature may be difficult to appreci-
ate in large tumors. Collecting duct RCC tends 
to be poorly circumscribed with ill-defined 
borders and infiltration into the adjacent tissue. 
Therefore, the gross appearance can at times give 
the impression that it is arising from the cortex 
or the renal pelvis. The cut surface is firm and 
white to tan in color with areas of necrosis often 
present. Collecting duct RCC is high grade and 
characterized by a combination of tubules, angu-
lated glands, tubulopapillary structures, and solid 
growth. There is often a marked desmoplastic and 
inflammatory (neutrophilic) response associated 
with infiltrative growth. Immunohistochemical 
analysis shows collecting-duct RCC to be vari-
ably reactive with antibodies against high mo-

lecular weight keratins, CK7, and CD117, and to 
typically lack reactivity with antibodies against 
CD10, RCC antigen, and p504S. Some collect-
ing duct RCCs may show loss of SWI/SNF-
Related, Matrix-Associated, Actin-Dependent 
Regulator of Chromatin, Subfamily B, Member 
1 (SMARCB1) staining suggesting a role of 
the SMARCB1/INI-1 gene in the development 
of some of these tumors [16]. Separation from 
urothelial carcinoma can be difficult. Collecting 
duct carcinoma is an aggressive malignancy that 
often is quite advanced at the time of presenta-
tion. Regional lymph node metastases are seen 
in around half of patients and distant metastases 
in approximately a third of patients at diagnosis. 
Cancer-specific survival is poor.

Renal Medullary Carcinoma

Renal medullary carcinoma is a rare renal epi-
thelial malignancy that occurs almost exclusively 
in patients with sickle cell trait or sickle cell dis-
ease [17]). The Heidelberg and Rochester Clas-
sification systems classified this tumor a variant 
of collecting duct carcinoma. Due to the associa-
tion with sickle cell disease, renal medullary car-
cinoma is overwhelmingly seen in patients with 
some degree of African or Middle Eastern ances-
try. Rare cases have been reported in Caucasian 
patients. Patients also tend to be younger with the 
mean age at the time of presentation around 25 
years, although there is a wide age distribution 
(5–70 years). There is a marked male predomi-
nance with a male to female ratio of approxi-
mately 2:1 in patients younger than ten and ap-
proximately 5:1 in older patients. Patients present 
with symptoms that overlap with symptoms asso-
ciated with sickle cell disease such as hematuria, 
pain or abdominal discomfort, and dysuria.

Most renal medullary carcinomas are solitary 
lesions that arise in the medullary region of the 
kidney. Tumors are infiltrative and frequently 
exhibit necrosis and hemorrhage. Microscopi-
cally, renal medullary carcinoma shows areas of 
solid growth, anastomosing angulated tubules 
and cords, and microcysts producing a reticular 
or cribriform growth pattern associated with a 
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marked desmoplastic stromal response and in-
flammatory reaction. Tumor cells have eosino-
philic cytoplasm and show high grade nuclear 
features. Erythrocytes within the tumor and ad-
jacent kidney often show sickling. Tumors tend 
to be diffusely immunoreactive with antibodies 
against pan keratin and vimentin with moderate 
reactivity with antibodies against CK7 and some 
weak reactivity to high molecular weight kera-
tin. Recent studies have identified frequent loss 
of nuclear staining for INI1 as well as deletion 
of the INI1 tumor suppressor gene in a subset of 
tumors. Examples of renal medullary carcinoma 
harboring chromosomal rearrangement involving 
the anaplastic lymphoma kinase (ALK) locus at 
2p23 have been reported. Renal medullary car-
cinoma is associated with a poor prognosis with 
95 % of patients demonstrating metastatic dis-
ease at the time of presentation. Mean survival 
from the time of presentation is approximately 19 
weeks.

Renal Cell Carcinoma, Unclassified Type

RCC, unclassified type, is not a unique variant 
of RCC but encompasses a heterogeneous group 
of tumors that do not fit into one of the currently 
described RCC types. This group also includes 
sarcomatoid RCC where an underlying subtype 
cannot be identified. These tumors are usually 
high grade with poorer outcome, but similar to 
other RCC types, this is dependent on grade and 
stage [18]. RCC, unclassified type, accounts for 
less than 5 % of RCC.

Mucinous Tubular and Spindle Cell 
Carcinoma

Mucinous tubular and spindle cell carcinoma 
(MTSC) was first described in 1997 as low-grade 
collecting duct carcinoma. Subsequently, it was 
also reported under various other names until 
it was identified as a unique entity in the 2004 
World Health Organization classification and re-
named mucinous tubular and spindle cell carci-
noma [8, 19, 20]. This tumor is uncommon with 

a distinct female predominance and wide age 
range. Occasionally, MTSC presents with hema-
turia or pain, but often is identified incidentally.

Grossly, MTSC is usually well circumscribed, 
cortically, or centrally based. The cut surface is 
smooth and white or tan in color; necrosis and 
hemorrhage are rare. These tumors are generally 
small ranging from 2 to 4 cm. Histologically, the 
MTSC has a distinct appearance consisting of 
long straight or curved branching tubules lined 
by a single layer of cuboidal epithelial cells with 
minimal cytoplasm and small uniform nuclei 
with inconspicuous nucleoli. The tubules are 
often separated by intervening stroma that con-
tains areas of spindle cell growth and basophilic 
extracellular mucin. The overall composition 
with regard to proportion of tubular and spindle 
cell growth and quantity of extracellular mucin 
can vary and cause some heterogeneity in histo-
logic appearance. Mucinous tubular and spindle 
cell carcinoma has low-grade nuclear features 
although cases showing high-grade features in-
cluding sarcomatoid change and necrosis have 
been reported. Immunohistochemical studies 
have shown a large proportion of MTSC to ex-
press CK7 and AMACR and to lack expression 
of CD10 and RCC. Genetic studies have demon-
strated the losses of chromosomes 1, 4, 6, 8, 9, 
13, 14, 15, and 22 to be recurrent abnormalities in 
MTSC. Despite the morphologic similarities be-
tween these tumors and papillary RCC, trisomy 
of chromosomes 7 and 17, abnormalities typical-
ly observed in papillary RCC, are not a recurrent 
finding in MTSC. These tumors generally behave 
in an indolent manner. However, metastatic cases 
have been reported.

Tubulocystic Carcinoma

Tubulocystic carcinoma was initially considered 
a low-grade collecting duct carcinoma, but in 
2009, these were reported as a distinct RCC type. 
Tubulocystic carcinoma has been reported in pa-
tients with a wide age distribution (34–94 years 
of age) and shows a male predominance with a 
male to female ratio of 7:1 [21].
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Tubulocystic carcinomas are typically solitary 
unencapsulated but well-circumscribed tumors 
with a median size of 4.0 cm, ranging from 0.5 
to 17 cm. The cut surface is tan with a multi-
cystic or spongy appearance. Tubulocystic car-
cinoma shows a distinct morphology consisting 
of tubules and cystic structures with intervening 
fibrous septae. The stroma within the septae has 
a low degree of cellularity. Spaces are lined by a 
single layer of cuboidal cells with eosinophilic 
cytoplasm. Nuclei are typically large which can 
give the epithelium a hobnail appearance. Nucle-
oli are usually prominent. By immunohistochem-
istry, tubulocystic carcinoma typically shows 
reactivity with antibodies against low molecular 
weight keratins, CD10, CK7, and AMACR.

Genetic studies have identified trisomy of 
chromosomes 7 and 17 to be a recurrent abnor-
mality. Interestingly, some examples of tubulo-
cystic carcinoma are found in association with 
classic papillary RCC. Considering this finding 
in the context of the genetic, immunophenotypic 
and morphologic features, tubulocystic carcino-
ma likely represents a group of PRCC with a par-
ticular growth pattern. This tumor has an indolent 
behavior and nearly all patients are cured by ex-
cision; however, metastases have been reported.

MiTF Family Translocation RCC

Translocation-associated RCCs are the recently 
identified subtypes of RCC that are defined by 
recurrent chromosomal rearrangements and en-
compass Xp11 and t(6:11) RCC. These tumors 
represent the majority of RCC identified in chil-
dren and young adults, and account for 1–4 % of 
tumors in adults with patients reported in their 
70s [22, 23]. There is a distinct female predomi-
nance with male to female ratio of 3:1. Translo-
cations that define this tumor result in rearrange-
ment of TFEB and TFE3, members of the mi-
cropthalmia transcription factor (MiTF) subfam-
ily of genes, resulting in fusion with another gene 
partner. Chromosomal rearrangements involving 
the TFE3 gene at chromosome Xp11.2 comprise 
greater than 90 % of translocation-associated 
RCC. TFE3 is typically fused with ASPSCR1 

at 17q25 or PRCC at 1q21; however, numerous 
other pairing partners have been identified. The 
remaining tumors exhibit rearrangements involv-
ing the TFEB locus at chromosome 6p21 and 
various partner genes. The gross appearance of 
translocation-associated RCC is often similar to 
that of clear cell RCC, a well-circumscribed, soft 
yellow-brown mass with degenerative changes. 
The microscopic appearance of the tumors can 
be quite variable and dependent on whether the 
lesion is associated with a TFE3 or TFEB rear-
rangement. The typical example of TFE3 trans-
location-associated RCC shows a papillary ar-
chitecture populated by cells with abundant clear 
to eosinophilic cytoplasm and large round nuclei 
with prominent nucleoli. However, some tumors 
may have a predominantly solid or nested growth 
pattern, and may be comprised solely of cells 
with granular eosinophilic cytoplasm or clear cy-
toplasm. Psammoma bodies, hemorrhage, hemo-
siderin deposition and hyaline deposits are com-
mon. Nuclei are generally large and round with 
prominent nucleoli.

The original reports of TFEB translocation-
associated RCC described a biphasic pattern con-
sisting of large epithelioid cells with eosinophilic 
cytoplasm associated with smaller epithelial cells 
centered round hyaline material. However, as 
more cases accumulated, it was evident that the 
morphology is variable with tumors showing a 
spectrum of papillary and solid growth and cells 
with clear to eosinophilic cytoplasm. The defin-
ing feature is the presence of chromosomal rear-
rangements involving either the TFE3 or TFEB 
gene. Rearrangements can be detected by con-
ventional cytogenetic, fluorescence in situ hy-
bridization, or polymerase chain reaction (PCR)-
based assays. Identification can also be made 
by immunohistochemistry to detect nuclear ex-
pression of either TFE3 or TFEB protein. TFE3 
rearrangement-associated RCCs generally show 
reactivity using antibodies against CD10, P504S, 
variable reactivity with CK7 and negativity for 
EMA, whereas TFEB rearrangement-associated 
RCCs show reactivity with antibodies against 
HMB45 and Melan-A which is less commonly 
seen in tumors with rearranged TFE3. Original 
reports of TFE3 rearrangement-associated RCC 
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in children suggested an indolent clinical course. 
However, recent studies of adult patients suggest 
that these tumors can be aggressive. The number 
of cases of TFEB rearrangement-associated RCC 
is thus far too small to clarify clinical behavior.

Thyroid-Like Follicular Renal Cell 
Carcinoma

Thyroid-like follicular renal carcinoma is a rare 
and recently described entity characterized by a 
distinct morphologic appearance closely resem-
bling follicular carcinoma of the thyroid. This 
is a provisional ISUP subtype of RCC. To date, 
13 cases have been reported in the literature. A 
slightly greater number of cases have been de-
scribed in women than in men with a wide age 
distribution (29–83 years) [24].

Thyroid-like follicular RCC is typically small 
(2–4 cm) but larger tumors up to 12 cm have been 
described. The tumors are comprised of tightly 
packed, variably sized follicles, most of which 
are filled with colloid-like material. Areas of 
papillary growth are not present. The cells lining 
the follicles are generally cuboidal with a moder-
ate or scant amount of cytoplasm. Nucleoli are 
inconspicuous and mitotic activity rare. By im-
munohistochemical studies, these tumors have 
shown a great amount of variability; however, 
they are consistently negative for thyroid tran-
scription factor 1 (TTF-1) and thyroglobulin ex-
cluding metastatic follicular carcinoma from the 
thyroid. Most reports indicate the tumor has an 
indolent behavior; however, regional lymph node 
and distant metastases are reported.

Oncocytoma (Fig. 23.6)

Oncocytoma is a benign tumor that represents 
approximately 5 % of all renal tumors [8]. Most 
are asymptomatic and discovered incidentally by 
imaging, although sometimes oncocytoma pres-
ents with flank pain or hematuria. Tumors vary 
widely in size (up to 15 cm), and are usually soli-
tary but can be multiple, including cases of onco-
cytosis. Tumors are characteristically mahogany 

brown and nearly half have a central stellate scar. 
Some cases contain abundant blood that mimics 
hemangioma, microscopically correlating with 
extravasated red blood cells in dilated tubules. 
Oncocytomas are composed of cells arranged in 
oval nests as well as solid areas and variably sized 
tubules. Nests can be closely packed or separated 
by an intervening stroma that is often paucicel-
lular, hyalinized, or edematous. The cells show 
an abundant eosinophilic cytoplasm and nuclei 
are round and regular with visible nucleoli. Dis-
crete foci of cells with enlarged hyperchromatic 
smudged nuclei are common and believed to be 
degenerative. Tumors can extend into perineph-
ric fat in up to 15 % of cases but are not associat-
ed with a stromal response. Features that are dis-
tinctly unusual in oncocytoma and should raise 
the possibility of RCC include mitotic activity, 
coagulative tumor necrosis, and vascular inva-
sion. By immunohistochemistry, oncocytomas 
are CD117 and e-cadherin positive, and nega-
tive for CD10, vimentin, and P504S. They are 
also negative to focally positive for CK7. Some 
tumors may show nonspecific diffuse granular 
staining for antibodies not typically positive in 
oncocytoma. Oncocytoma demonstrates several 
recurrent genetic abnormalities including loss of 
the p-arm or entire chromosome 1, loss of the Y 
chromosome in men and rearrangements of the 
CCND1 locus at 11q13.

Fig. 23.6  The classic appearance of oncocytoma in-
cludes mahogany brown color and central scar. The gross 
appearance can be very helpful in separating from other 
tumors. The oval nest pattern is also characteristic
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Papillary Adenoma

Papillary adenoma is an incidental finding, iden-
tified in resection specimens for RCC where they 
are frequently associated with papillary RCC. 
They are also common in kidneys removed for 
other reasons such as end-stage renal disease. 
Papillary adenomas are papillary neoplasms that 
are low grade (ISUP grade 1 and 2), and 0.5 cm 
or less in greatest dimension. They share cyto-
genetic and immunohistochemical features with 
type 1 papillary RCC but exhibit fewer cytoge-
netic abnormalities.

Metanephric Adenoma

Metanephric adenoma (MA) is a benign neoplasm 
accounting for approximately 0.5 % of all renal 
tumors (Fig. 23.7) [8, 25]. Most are incidental 
findings, but rarely they can produce abdominal 
pain, hypertension, erythrocytosis, or hematuria. 
There is a female predominance with a wide age 
distribution (from children to the elderly) with a 
mean age in the fifth decade. In the largest se-
ries of cases, median tumor size was 5.5 cm, and 
the largest was 15 cm. Metanephric adenoma is 
variably encapsulated, has a tan-yellow appear-
ance, and may be calcified. Cystic areas and 
hemorrhage may be present. Microscopically, 
the tumor is composed of small tight tubules, 
glomeruloid structures, and small papillary and 

polypoid structures with a variably edematous 
acellular stroma. Microcystic patterns have been 
described. The cells have very scant cytoplasm, 
and overlapping small lymphocyte-sized nuclei 
with smooth chromatin. Related tumors include 
metanephric adenofibroma and metanephric stro-
mal tumor. The differential diagnosis for MA in-
cludes type 1 PRCC (with glomeruloid growth 
pattern) and epithelial Wilms tumor. PRCC tends 
to have large nonoverlapping nuclei with more 
abundant cytoplasm and larger nucleoli. Foamy 
macrophages are also more common, and PRCC 
lacks the edematous polypoid papillae of MA. 
In regard to epithelial Wilms tumor, the MA has 
smaller nucleoli and lacks the mitotic activity of 
Wilms tumor. Immunohistochemical stains can 
be helpful as MA is positive for WT1 and nega-
tive for CK7, EMA, and AMACR in contrast to 
papillary RCC. Metanephric adenoma has a di-
somy of chromosome 7 and 17. Recently, V-RAF 
Murine Sarcoma Viral Oncogene Homolog B1 
(BRAF) mutations have been identified in the 
majority of MA. Although there are reports with 
MA with regional lymph node involvement, we 
agree with others that this is likely the result of 
displacement of benign tumor cells into the re-
gional nodes, and not indicative of metastases.

Angiomyolipoma

Angiomyolipoma (AML) is a benign mesenchy-
mal neoplasm of the kidney that constitutes up 
to 2 % of renal neoplasms and can be sporadic 
or a manifestation of the tuberous sclerosis com-
plex. While 80 % of patients with germ line al-
terations of the tuberous sclerosis-related genes 
TSC1 at chromosome 9q34 and TSC2 at chromo-
some 16p13.3 will develop AML, the majority 
of patients with AML will not have a germ line 
abnormality in either gene. These tumors are be-
lieved to arise from the perivascular epithelioid 
cells (PEC) and are considered to be related to 
other PEC-associated tumors such as PEComas, 
lymphangioleiomyomatosis, clear cell sugar 
tumor of the lung, and cardiac rhabdomyoma. 
Most AMLs are discovered incidentally or as 
part of a workup for tuberous sclerosis. There is a 

Fig. 23.7  Metanephric adenoma with solid tan yellow 
appearance and discrete tubules with small cells
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female predominance, and the age at presentation  
differs depending on whether the lesion is spo-
radic or related to tuberous sclerosis, with tuber-
ous sclerosis patients presenting a younger age. 
Most AMLs arise in the renal parenchyma but 
can arise in association with the renal capsule. 
Size can vary greatly. Most sporadic lesions are 
solitary, while lesions associated with tuberous 
sclerosis are multiple.

Grossly, AML can be variable in appearance 
depending on composition, with tumors of high 
adipose tissue content being yellow, while those 
with more smooth muscle content being white 
to tan in color. Hemorrhage is not uncommon. 
Microscopically, AML is composed of variable 
quantities of smooth muscle, blood vessels, and 
adipose tissue. The adipose tissue is mature in ap-
pearance and may show fat necrosis. The blood 
vessels are generally thick walled and have a 
population of vesicular smooth muscle cells that 
appear to originate from and radiate away from 
the vessel. Away from vessels, the smooth muscle 
forms large fascicles coursing between islands of 
adipose tissue and vessels. Smooth muscle cells 
may show some degree of nuclear atypia and mi-
totic activity. Some tumors may contain epitheli-
al-lined cysts. The tumor is positive for actin and 
desmin in the smooth muscle component, and 
the melanocytic markers, melan-A and HMB45, 
are positive. Cytokeratin is negative. It may be 
present in draining lymph nodes, a finding that 
should not be considered metastatic tumor.

Epithelioid Angiomyolipoma

Epithelioid AML (EAML) is a rare morphologi-
cally and clinically distinct subset of AML [26]. 
Like AMLs, EAML are associated with tuberous 
sclerosis but can be sporadic. In patients with 
tuberous sclerosis, EAML represents a larger 
proportion of all AMLs relative to those found in 
patients without tuberous sclerosis, with EAML 
representing 25  versus 8 % of AMLs in tuber-
ous sclerosis and nontuberous sclerosis patients, 
respectively. As such, these tend to be more 
common in younger patients with a mean age at 

presentation of 38 years and are more likely to be 
associated with additional AMLs.

EAMLs are typically solid to partially cystic 
and well circumscribed with a hemorrhagic cut 
surface. Necrosis can be present. Microscopi-
cally, EAMLs are comprised predominantly 
of sheets or nests of tumor cells with abundant 
eosinophilic to slightly clear and granular cyto-
plasm. Nuclei are often large and pleomorphic 
with prominent nucleoli. Multinucleated cells 
are often present. The level of mitotic activity 
may be quite high. The tumors may show ne-
crosis and infiltration into the perinephric tis-
sues. Areas showing features of traditional AML 
may be present; however a definition of maxi-
mal amount of classic AML features allowable 
to classify a lesion as EAML has been a point 
of controversy. Although early studies suggested 
aggressive behavior in up to half of patients with 
EAML, a recent study on nonconsultative cases 
showed that malignant behavior was uncommon 
with metastases occurring in less than 10 % of 
patients [27].

Renal Epithelial Stromal Tumors

The group of renal tumors classified as mixed 
epithelial stromal tumor (MEST) and cystic ne-
phroma (CN) are cystic tumors with significant 
histologic and clinical similarity that have re-
cently been the source of some controversy re-
garding classification [28]. Cystic nephroma was 
defined in 1998, while MEST was first reported 
in 1973 as an adult congenital mesoblastic ne-
phroma. Both tumors occur primarily in middle-
aged women, and are composed of cysts with 
MEST showing a prominent stromal component 
in contrast to CN. This stroma resembles ovar-
ian stroma and is positive for estrogen receptor, 
particularly the pericystic stromal component. It 
now seems likely that these two entities represent 
two extreme ends along a continuum of features 
for a single entity categorized under the unifying 
term renal epithelial and stromal tumor (REST). 
Most cases of REST are clinically and histologi-
cally benign. However, several examples of ma-
lignant REST have been reported, and malignant 
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transformation has been reported arising from 
both the mesenchymal and epithelial compo-
nents.
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Introduction

It has been almost 100 years since Albert Broders, 
MD, and Cuthbert Dukes, MD, introduced the 
concepts of tumor grading and anatomic extent 
of disease (stage) in the prognostication of cancer 
[1]. These seminal concepts have withstood the 
test of time for tumors of diverse organ systems. 
With respect to renal cell carcinoma (RCC) an 
additional powerful prognosticator is tumor type 
exemplified by the extremely favorable outcome 
for chromophobe cell RCC that contrasts with 
extremely aggressive forms of RCC such as col-
lecting duct carcinoma and sarcomatoid forms 
of RCC. A number of additional prognostic ana-
tomic and clinical features are emerging such as 

tumor necrosis, clinical presentation, and perfor-
mance status whose prognostic merit is further 
enhanced when coupled with grade and stage in 
the form of nomograms [2]. However, for the pa-
thologist, our first and foremost responsibility in 
handling a tumor nephrectomy is to establish an 
accurate pathologic stage.

Historical Review of Staging Systems

Establishing the anatomic extent of disease is 
critically important in cancer treatment. As com-
mented by Greene and Sobin “Staging provides 
a format for the uniform exchange of informa-
tion among clinicians regarding the extent of 
disease, and a basis for their selection of initial 
therapeutic approaches and consideration of the 
possible need for adjuvant treatment” [3]. There 
have been multiple staging systems proposed for 
RCC over the past 55 years. Each system has had 
four pathologic stages that recapitulate a com-
mon three-tiered theme that encompasses renal-
limited, local extension, and distant spread cat-
egories. In the hands of most investigators each 
has demonstrated prognostic utility.

The first staging system for RCC was formu-
lated by Flocks and Kadesky in 1958 (Table 24.1) 
[4]. Their classification system consisted of one 
category for renal-limited disease, two categories 
for local spread (perinephric fat and/or veins, or 
lymph nodes), and one category for distant me-
tastases. Although their publication was more 
about treatment than stage, the concept that a 

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_24,
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stage allows outcome stratification in RCC was 
launched.

The second staging system was formulated by 
Petkovic a year later (Table 24.1) [5]. Curiously, 
he did not cite the Flocks and Kadesky paper even 
though they were both published in The Journal 
of Urology. In contrast to Flocks and Kadesky’s 
staging system, Petkovic’s staging system had two 
renal-limited categories, one category for local 
spread and one for distant metastases. Petkovic 
provided drawings to illustrate his tumor stages. 
Use of such visual aids is helpful to pathologist 
and surgeon alike, a practice currently followed 
by TNM staging. Petkovic commented that tumor 
growth characteristics are more important than 
tumor size, and noted that even patients with ap-
parently renal-limited tumors may have metasta-
ses, a vexing problem with all staging systems.

The third staging system was formulated by 
Robson in 1969 (Table 24.1) [6]. The Robson’s 
system was similar to Flocks and Kadesky having 
a single renal-limited stage and two stage desig-
nations for local extension. Robson emphasized 
the additional prognostic factor of tumor grade in 
addition to stage. This system was popular well 
into the 1980s despite the existence of the TNM 
staging system for more than a decade, possibly 
because the Robson system was featured in the 
first Armed Forces Institute of Pathology (AFIP) 
fascicle.

The Tumor-Node-Metastasis (TNM) 
Classification

The fourth and internationally utilized staging 
system is the Tumor-Node-Metastasis (TNM) 
Classification of Malignant Tumors. The TNM 
system was developed between 1943 and 1952 
by Pierre Denoix, a French surgeon [3]. The 
International Union Against Cancer (UICC) 
published ten manuals between 1956 and 1967 
that incorporated his TNM staging recommen-
dations for tumors of two dozen body sites. In 
1968, these were collated into the first edition of 
the TNM Classification. Kidney was one organ, 
however, that was not included in this initial 
formulation. It did appear in the second edition 
published in 1974. The initial inclusion of kidney 
almost seems like an afterthought based upon 
the definitions of the pT1 and pT2 categories in 
both the 1974 TNM and the 1978 TNM editions 
which were listed as “small” and “large” [7]. In 
1959, the American Joint Commission on Cancer 
(AJCC) was founded. Since the 1980s, the UICC 
and AJCC have worked together and simultane-
ously published the TNM Classification of Ma-
lignant Tumors by the UICC, and the Cancer 
Staging Manual by the AJCC. The revision cycle 
is 6–8 years. From 1968 to 2009, seven itera-
tions of the TNM Classification have appeared; 
an eighth iteration can be expected soon [3, 7–9].

Table 24.1  The first staging systems for renal cell carcinoma
Stage Flocks and Kadesky—1958 Petkovic—1959 Robson—1969

5-year 
survival 
(%)

5-year 
survival 
(%)

5-year 
survival 
(%)

1 Limited to renal 
capsule

55 Renal limited and 
encapsulated

75 Renal limited 66

2 Renal pedicle ± fat 
invasion

40.5 Renal limited with 
capsular invasion

55 Perirenal fat but  
within Gerota’s fascia

64

3 Regional lymph  
nodes

9.5 Extrarenal into fat, 
veins, lymphatics

4 3a. Gross renal vein 
or inferior Vena Cava 
(VC)
3b. Lymphatics
3c. Veins and 
lymphatics

42

4 Distant metastasis 3.5 Distant metastasis 6 4a adjacent organs 11
4b distant metastasis
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The TNM system classifies extent of disease 
based on anatomic information about the prima-
ry tumor (pT stage), regional lymph nodes (pN 
stage) and metastases (pM stage) [3, 9]. These 
are combined into four stage groups. These can 
be purely clinical groupings, pathological group-
ings, or a combination of data may be employed. 
The latter is common in RCC since regional 
lymph node dissections are infrequently per-
formed. The complete 2009 TNM pT, pN, and 
pM stage definitions and the stage groupings are 
provided at the end of this chapter.

Tables 24.2 and 24.3 list the staging param-
eters for most of the TNM formulations so that 
the evolution of TNM for RCC can be appreci-
ated. The recurrent themes of tumor size stratifi-
cation, the definitions of local extension, and the 
optimum handling of vena cava (VC) invasion 
represent the ongoing attempts to optimize stage 
prognostication, struggles inherent to the evolu-
tionary process that characterizes TNM staging. 
The evolution of stage definition is important to 
keep in mind when comparing stage-related out-
come data over time because a change in stage 

Table 24.3  Evolving definition of the TNM renal cell carcinoma staging system
UICC/
AJCC

pT3 pT4

1968 excluded kidney
1978 Involvement of perinephric fat or hilar vessels Involvement of neighboring organs or 

abdominal wall
pT3a pT3b pT3c pT4a pT4b

1987 Perinephric  
fat or adrenal

RV involvement VC below 
diaphragm

Beyond Gerota’s 
fascia

VC above 
diaphragm

pT4
1997 Perinephric  

fat or adrenal
RV or IVC  
below diaphragm

VC above 
diaphragm

Beyond Gerota’s fascia

2002 Perinephric  
fat includes sinus 
fat or adrenal

RV includes 
muscular sinus 
veins or VC below 
diaphragm

VC above 
diaphragm

Beyond Gerota’s fascia

2009 Gross involvement 
of RV or segmental 
muscle containing 
branches, perineph-
ric and/or sinus fat

Gross extension 
into VC below 
diaphragm

Gross extension 
into VC above 
diaphragm or 
invades VC wall

Beyond Gerota’s fascia, or contiguous 
extension into adrenal gland

UICC International Union Against Cancer, AJCC American Joint Commission on Cancer, RV renal vein, VC vena 
cava, IVC inferior vena cava

UICC/
AJCC

pT1 pT2

1968 TNM excluded the kidney
1978 Small, without enlargement of kidney, limited distortion 

pelvis, calyces or vessels
Large, with enlargement of kidney, or pelvi-
calyceal involvement

1987 < 2.5 cm renal limited > 2.5 cm renal limited
1997 < 7.0 cm renal limited > 7.0 cm renal limited

pT1a pT1b pT2
2002 4 cm or less renal limited > 4–7.0 cm renal limited > 7.0 cm renal limited

pT2a pT2b
2009 4 cm or less renal limited > 4.7.0 cm renal limited > 7–10 cm renal limited > 10 cm renal limited
UICC International Union Against Cancer, AJCC American Joint Commission on Cancer, TNM tumor nodes metastasis

Table 24.2 Evolving definition of the TNM renal cell carcinoma staging system
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definition affects the tumor composition of the 
stage groupings. A notable example was the 
major change in tumor size criteria for pT1 ver-
sus pT2 between the 1987 TNM and 1997 TNM 
when the pT1/2 break point was shifted from 2.5 
to 7 cm. This drastically increased the proportion 
of stage I tumors and reduced the proportion of 
stage II tumors.

Several notable modifications appeared in the 
2002 and 2009 TNM formulations relating to the 
size and local extension Tables 24.2 and 24.3. 
Substages for the pT1 and pT2 categories were 
introduced in the 2002 and 2009 TNMs, respec-
tively. However, possibly the most significant 
modification occurred in the 2002 TNM with in-
corporation of renal sinus invasion into the pT3 
category [9]. This mandated a paradigm shift in 
specimen handling. 

Additional important modifications in 2009 
TNM recognized the importance of direct adre-
nal extension, and added VC wall invasion.

In 2012, the International Society of Uro-
logical Pathology (ISUP) convened a Consensus 
Conference at the US and Canadian Academy of 
Pathology annual meeting. Over 130 urologic 
pathologists from around the world participated. 
This was preceded by a comprehensive survey 
that included queries relating to specimen han-
dling and TNM staging, and many other topics. 
The survey documented diagnostic criteria and 
practice behaviors while the Consensus Con-
ference led to practice recommendations based 
upon achieving a 65 % consensus threshold 
among participants [10]. Issues failing to achieve 
consensus provided topics for future investiga-
tion and possible subsequent incorporation into 
the next TNM formulation.

pT1 and pT2 Substages

The prognostic relationship between size and 
outcome has been known for almost a century. In 
1937, ET Bell, MD, published a seminal study of 
71 RCCs in which he found that only one of 38 
tumors less than 3 cm developed metastases [11]. 
This subsequently led to the long-lived, but now 
defunct 3 cm rule, used to distinguish so-called 

adenomas from carcinomas. Recently, the Mayo 
Clinic Group examined a much larger number 
of patients and found an even lower incidence 
of metastases; only one of 781 patients with M1 
disease had an RCC 3 cm or less [12].

Dr. Bell also found that with increasing tumor 
size the metastatic rate increased, findings re-
peatedly confirmed. Multiple large series of RCC 
have demonstrated that tumor size is an indepen-
dent predictor of cancer-specific survival, risk of 
metastases at presentation, recurrence rates, and 
patient outcomes [7, 13–15]. However, for size to 
retain its prognostic importance size determina-
tion must not only be accurate but measurements 
must be made in a standard fashion. 

The ISUP Consensus Conference recom-
mends that size be determined following multi-
ple parallel sections through the tumor [10]. The 
primary tumor measurement should include peri-
nephric fat extension, both peripheral perinephric 
fat and central sinus fat. Satellite nodules, renal 
vein, and VC involvement, however, should not 
be included.

The introduction of the first size subgroup 
of renal-limited RCC involved pT1 tumors and 
appeared in 2002 TNM [8]. It divided pT1 into 
pT1a, defined as RCC 4 cm or less, and pT1b, 
defined as RCC > 4–7 cm. This 4 cm cutoff was 
originally introduced to identify a group of tu-
mors suitable for nephron sparing surgery, a pro-
cedure initially heavily weighted toward tumors 
4 cm or less. However, this clinical relevance is 
diminishing since much larger tumors are now 
similarly treated. Although multiple large stud-
ies of RCC have noted a difference in patient 
outcomes with breakpoints in the 4–5.5 cm size 
range validating a pT1 subgrouping, Delahunt 
et al. suggest that size may actually represent 
a continuous variable [14]. They have shown a 
3.51x risk of cancer-related death for each dou-
bling in tumor size.

The second size subgroup introduced affected 
pT2 tumors and appeared in the 2009 TNM [9]. 
Its implementation was based primarily upon a 
study from the Mayo Clinic of 544 patients treat-
ed for RCC (77.7 % clear cell type) [15]. They 
found a survival difference for tumors “renal 
limited” in the 7–10 cm versus “renal-limited” 
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tumors > 10 cm. Stage pT2 tumors are now strati-
fied in 2009 TNM into pT2a, defined as renal-
limited tumors > 7–10 cm, and pT2b, defined 
as renal-limited tumors > 10 cm. More recently, 
however, Waalkes et al. in a validation study of 
2009 TNM restaged 5122 patients with pT2 tu-
mors and found no difference in cancer-specific 
survival for pT2a versus pT2b [16]. Novara et al. 
in a recent European multi-institutional valida-

tion study of 2009 TNM that included 5339 pa-
tients, found excellent stratification in 5- and 
10-year cancer-specific survival for most stages 
[17]. However, both pT1a and pT1b, and pT2b 
and pT3a had similar Cancer specific survival 
(CSS) (Fig. 24.1). These data raise concern that 
substage definitions may be somewhat arbitrary 
and that large tumor size may be a surrogate 
marker for undetected extrarenal spread, espe-
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Fig. 24.1  Cancer-specific survival (CSS) probability ac-
cording to the 2009 TNM staging system (log-rank pooled 
over strata p < 0.0001). Five-year CSS was 94.9 % in pT1a 
( blue curve), 92.6 in pT1b ( green curve), 85.4 % in pT2a 
( gray curve), 70 % in pT2b ( violet curve), 64.7 % in pT3a 
( yellow curve), 54.7 % in pT3b ( red curve), and 27.1 % 

in pT4 ( lightgray curve). All the pairwise survival dif-
ferences among the different pT stages were statistically 
significant with the exception of those observed between 
pT2b and pT3a cancers (log-rank pairwise p = 34) and be-
tween pT3c and pT4 cancers (log-rank pairwise p = 26). 
(Used with permission from [17])

 



304 S. M. Bonsib

cially invasion of the renal sinus. The 7 cm cut-
off for pT2 tumors may have another unintended 
consequence, the selection of a more indolent 
subset of RCCs enriched for certain RCC types. 
Using the Surveillance Epidemiology and End 
Results (SEER) data, Rothman et al. found that 
70 % of pT2 tumors over 7 cm were not only low 
grade, they were overrepresented for the more 
indolent RCC types of papillary RCC and chro-
mophobe cell RCC [18].

pT3a Regional Extension

Robson stated in 1969 “…the hope for a cure 
lies in the hands of the surgeon” [6]. However, 
the hope for accurate tumor prognostication lies 
in the hands of the pathologist. A lofty goal for 
a RCC staging system, and possibly the “holy 
grail” for a specimen examination protocol, is to 
stratify those cases in which a surgical cure can 
be expected from those cases with risk of residual 
disease. Renal-limited tumors, pT1 and pT2, rep-

resent the only stage categories in which a sur-
gical cure is feasible. Regrettably, every staging 
system, from Flocks and Kadesky to the 2009 
TNM, fall short of predicting surgical cures. The 
National Cancer Data Base (NCDB) indicates 
that for 37,166 tumors resected for years 2001 
and 2002, there was an 81 and 74 % observed 
survival (cancer deaths plus death due to other 
causes) for stage I and stage II RCC, respective-
ly (Fig. 24.2) [9]. Many stage I and II patients 
whose deaths are attributable to metastatic dis-
ease had RCCs that were not renal limited at the 
time of nephrectomy.

In 1969, the National Wilms Tumor Study 
(NWTS) was initiated in the hope of identify-
ing the optimal therapy for Wilms tumor. From 
the onset of the NWTS, there was standardized 
specimen handling and central review of the ne-
phrectomy findings by Bruce Beckwith, MD. 
One of Dr. Beckwith’s many contributions to the 
understanding of Wilms tumor and other pediat-
ric renal neoplasms was the recognition that the 
renal sinus was the principal metastatic pathway 
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Fig. 24.2  Observed survival rates for 37,166 patients 
with kidney cancer classified by the 2009 AJCC staging 
classification. Data taken from the National Cancer Data 
Base (Commission on Cancer of the American College 

of Surgeons and the American Cancer Society) for the 
years 2001–2002. Stage I includes 18,912 patients; stage 
II 4443; stage III 5952; and stage IV 7859. (Used with 
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[19]. This seems now intuitive since the majority 
of the renal parenchymal venous and lymphatic 
outflow pass through the renal sinus as detailed 
in Chap. 22. Initially, the NWTS threshold for 
upstaging from renal-limited stage I to extrare-
nal stage II was extension of tumor beyond the 
“hilar plane.” This was a difficult judgment to 
make for the primary prosector, and even more 
challenging to validate on central review. In the 
NWTS-5, the fifth clinical trial launched in 1995, 
involvement of sinus vessels or extensive sinus 
fat involvement qualified for stage 2 designation. 
At that time, a similar role of the renal sinus in-
volvement in RCC had not been investigated.

In 1998, I initiated a study of renal sinus in-
volvement in RCC by totally embedding the in-
terface between the renal sinus and the RCC. The 
intent of the study was to determine if pT1 and 
pT2 tumors staged by the 1997 TNM were truly 
renal limited or if some tumors extended into the 
renal sinus which by definition is outside of the 
kidney. The results of a small series of 31 cases of 
RCC reported in 2000 found that 14 of 31 (45 %) 
cases had invaded the renal sinus fat and/or sinus 
veins [20]. Most significantly, seven of 14 cases 
of stage pT1 and pT2 RCC by 1997 TNM criteria 
were not, in fact, renal limited. They had not only 
extended into the renal sinus but also into sinus 
veins.

In 2002, TNM renal sinus fat and renal sinus 
“muscular” vein involvement were incorporated 
into pT3a and pT3b, respectively [8]. Sinus inva-
sive disease was further modified in 2009 TNM; 
“gross” involvement of renal vein or “segmental 
muscle containing” (sinus) branches were com-
bined with sinus fat invasion into pT3a [9]. These 
modifications moved extrarenal sinus invasive 
disease included with renal-limited pT1 and pT2 
categories prior to 2002, to the extrarenal pT3 
category. This advance should improve stage-
related prognostication. It should decrease the 
slope of the survival curves for stage I and stage 
II RCC, as illustrated in Fig. 24.2 by eliminating 
a group of extrarenal disease that contaminated 
stage groups I and II. It could also contribute to 
the stage migration that has occurred due to the 
increased incidence of small incidentally dis-
covered pT1 tumors [21]. More accurate RCC 

staging relative to the renal sinus could also shift 
a number of RCCs from the pT2 category into the 
pT3 category, making pT2 RCC, and particularly 
pT2b, a less common tumor.

It is important to appreciate that most studies 
of outcome relative to stage have utilized large 
archival data bases that include many cases ac-
cessioned prior to 2002, often dating back to the 
1970s. A significant percentage of the pT1 and 
pT2 tumors staged by 1997 TNM and earlier for-
mulations and included in the NCDB and other 
data bases, may not have been renal limited. 
They are likely under-staged pT3 cases. These 
cases could account for a substantial fraction of 
the 15–20 % metastatic disease that develops in 
stage I and II RCC. This is not a criticism of those 
studies, but simply a reflection that the renal 
sinus was not sampled since its importance had 
not yet been appreciated. Evidence in support of 
this contention was provided by Thompson et al. 
in 2007 [22]. They reexamined the nephrectomy 
specimens of 33 cases of stage I RCC by 1997 
TNM criteria who died from metastatic RCC. 
They found that 67 % of the RCCs had extended 
into the renal sinus fat or sinus veins, and were 
not, therefore, renal limited. They were under-
staged pT3 tumors by 2002 and 2009 TNM 
criteria. Now that the renal sinus invasion has 
been part of the TNM staging system for over 10 
years, outcomes studies should limit their cases 
to those accessioned after 2002 at the time when 
renal sinus examination was incorporated into 
their specimen handling protocol.

The author has personally dissected and his-
tologically sampled the renal sinus–tumor inter-
face of over 500 cases of RCCs. These cases have 
demonstrated that the renal sinus is the principal 
site of extrarenal extension for the most common 
RCC types, and documented the primacy of sinus 
vein invasion in extrarenal extension, especially 
for clear cell RCC [23–25]. Table 24.4 provides 
data on the first 400 cases of RCC examined for 
sinus involvement; several important points can 
be made.

It is uncommon for the three most common 
forms of RCC, clear cell, papillary and chro-
mophobe, to be renal limited when the primary 
tumor is larger than 7 cm. This is particularly the 
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case for clear cell RCC where only 2.2 % of cases 
were renal-limited pT2a/b making this a very 
small stage category (Fig. 24.3). Although papil-
lary RCC and chromophobe cell RCC larger than 
7 cm are found to be renal limited more often, it 
was still relatively uncommon occurring in 12.4  
and 17.4 % of cases, respectively. As mentioned 
above, a recent study of size and renal-limited 
disease found that papillary and chromophobe 
cell carcinomas are heavily overrepresented 
in large renal-limited RCCs compared to clear 
cell [18]. Although the data are not shown in 
Table 24.4, it is uncommon for RCC to invade 
the renal capsule without also invading the renal 
sinus. This occurred in <  2 % of 400 cases stud-

ied. Conversely, it is very common for RCC to 
solely demonstrate sinus involvement without 
capsular invasion. Therefore, although a careful 
search should be made for peripheral perinephric 
fat invasion, the renal sinus represents the prin-
cipal metastatic pathway for RCC and must be 
the primary focus of gross examination and his-
tologic sections to establish the correct pT stage.

The 2012 ISUP Consensus Conference opin-
ion is that peripheral perinephric fat invasion 
is best identified grossly with the renal capsule 
intact and recommended that histological confir-
mation requires tumor to be in contact with fat, 
or demonstrate an irregular invasive interface 
with fat, with or without a desmoplastic response 

Table 24.4  Renal cell carcinomas examined
Tumor pT1a pT1b pT2a pT2b pT3 Total
Clear cell 90 (35 %) 27 (10 %) 4 (1.5 %) 2 (0.7 %) 135 (52 %) 258
Papillary 34 (46 %) 20 (27 %) 9 (12 %) 3 (0.4 %) 8 (24 %) 74
Chromophobe 9 (39 %) 5 (22 %) 4 (17 %) 1 (0.4 %) 4 (17 %) 23
Other cancers 16 5 3 1 20 45
Total 149 (37 %) 57 (14 %) 20 (5 %) 7 (1.7 %) 167 (42 %) 400

Fig. 24.3  This graph shows the relationship between size 
and extension into the renal sinus for 120 clear cell RCCs. 
Notice that the incidence of sinus involvement markedly 

increases for clear cell RCCs larger than 4 cm, and that 
only rare clear cell RCCs larger than 7 cm are renal limited
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[10]. The number of blocks submitted must be 
determined by the gross findings and level of sus-
picion in the individual case. Gross recognition 
of renal vein invasion or invasion of segmental 
muscle containing branches within the renal sinus 
is also part of the current definition of pT3a. Al-
though 78 % of the ISUP participants responded 
that they or their prosectors were familiar with 
sinus anatomy, and 63 % indicated confidence 
in gross recognition of sinus involvement, this 
leaves a substantial number of experts who may 
not be completely comfortable with gross evalu-
ation of renal sinus invasion. If a learning curve 
is ongoing among experts, gross recognition of 
sinus invasion may be even less among those 
with less experience. This places great emphasis 
on histological assessment for sinus invasion. 
The ISUP participants agreed (100 %) that tumor 
in contact with fat or tumor within the loose con-
nective tissue outside of the renal parenchyma 
(75 %) qualify for pT3a sinus invasion. Unless 
there is obvious gross involvement of the sinus, 
the ISUP recommendation is that at least three 
blocks of the tumor–sinus interface be submitted.

The 2009 TNM requires “gross” involvement 
of “muscle containing” veins of the renal sinus for 
pT3a designation. As demonstrated in Chap. 22, 
all large sinus veins have smooth muscle and 
therefore are “muscular veins,” although there is 
often extreme variability in the quantity of muscle. 
As noted by Dr. Beckwith in Wilm Tumor (WT) 
and Bonsib in RCC, venous smooth muscle be-
comes attenuated as tumor expands the vein and 
tumor will often invade through the wall of sinus 
veins obliterating their muscularis [21, 23, 25]. 
The terminology “muscular veins” or “muscle 
containing” veins, therefore, should probably be 
eliminated from future TNM stage descriptions. 
The ISUP participants agreed (100 %) that tumor 
in any endothelial-lined space regardless of size 
constitutes sinus vein invasion. However, failure 
to recognize RCC in the sinus as intravenous will 
not change the stage designation since both fat 
and vein involvement are designated pT3a.

Main renal vein involvement is usually obvi-
ous upon gross examination of the specimen as a 
large cylindrical protrusion from the hilar region. 
Although not a staging parameter, uncertainty 

exists on what constitutes a positive renal vein 
surgical resection margin since tumor can bulge 
out of the renal vein beyond the vein margin due 
to post surgical venous retraction. Does this con-
stitute a positive margin? The surgeon will likely 
object if called such in a pathology report. The 
ISUP Consensus Conference participants agreed 
(75 % consensus) that a positive margin requires 
microscopic confirmation of tumor adherent to 
the vein wall at the vein margin.

Multifocal Renal Cell Carcinoma  
and Retrograde Venous Invasion

The incidence of multifocal RCC has been re-
ported to range from 5  to as high as 25 %. This 
wide variability has many causes such as inclu-
sion of familial forms of RCC which are charac-
teristically multifocal, the method of radiological 
documentation, and the pathologic examination 
strategy such as thinness of nephrectomy section-
ing, use of capsular stripping, or inclusion of ad-
enomas. In a recent retrospective review of 5378 
cases from 16 academic centers involved in the 
Surveillance and Treatment Update Renal Neo-
plasms (SATURN) project, a multifocal RCC 
was identified in 5 % of cases, a figure that ap-
pears more plausible than the higher figure noted 
above [26, 27]. Multifocal RCC is especially fre-
quent with bilateral RCC which are heavily en-
riched for familial RCC syndromes, reported to 
range from 54 % in clinical studies to as high as 
90 % in an autopsy study [27, 28]. Patients with 
multifocal RCC are more often symptomatic and 
have higher TNM stages and higher prevalence 
of tumor necrosis—all poor prognostic features. 
Compared to patients with a single RCC, patients 
with multifocal RCCs are at higher risk for recur-
rent and metastatic disease. The 5- and 10-year 
cancer specific survival in the SATURN project 
was 71 and 63.3 % with multiple tumors, com-
pared to 84.1 and 77.3 % in patients with a single 
tumor [26].

The incidence of multifocal RCC is known 
to vary with RCC type, occurring in 11–16 % 
of papillary RCC compared to 2–4 % of clear 
cell RCC. In addition, there is a significant rate 
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of nonconcordance of tumor type in multifocal 
RCC. Thus, should a biopsy be performed on 
only one, of two or more renal masses, diagnostic 
extrapolation to the other mass(es) is unwise. Not 
only can two types of RCC be present that vary in 
prognosis, but a benign tumor may coexist with 
a malignant tumor. These issues aside, multiple 
primary RCCs at nephrectomy are separately and 
individually TNM staged. The ISUP Consensus 
Conference recommendation relating to multifo-
cal tumor sampling is to histologically examine 
at least the five largest tumors. A challenge when 
a nephrectomy contains multiple tumor nodules, 
however, is to distinguish separate independent 
neoplasms from the recently described invasive 
behavior of RCC known as retrograde venous 
invasion.

Retrograde venous invasion (RVI) was first 
reported by Bonsib and Bhalodia in 2011 [27]. 
RVI refers to a process which begins when an 
elongating plug of tumor within a renal sinus 
vein merges with the venous outflow from a vein, 
or veins, draining nontumor regions of the kidney 
(Fig. 24.4). In RVI, the intravenous tumor extends 
both distally into the main renal vein and proxi-
mally back toward the renal parenchyma within 
the merging veins from the nonneoplastic cortex 
(Figs. 24.5 and 24.6). Once the intravenous ex-
tensions reach the renal parenchyma, additional 
merging venous tributaries may be involved, re-
sulting in multiple rounded or elongated cortical 
nodules that can be mistaken for additional pri-
mary tumors or so-called satellite nodules. This 
process occurs in approximately 10 % of RCCs 
and in 22 % of pT3a RCC [27]. RVI has only 
been observed when both renal sinus veins and 
the main renal vein are occluded. It is particularly 
common in clear cell RCC, not surprising in light 
of its remarkable diathesis for venous invasion. 
However, any tumor that invades sinus veins can 
demonstrate similar behavior.

Identification of RVI is the easiest on gross 
examination of the bivalved specimen, especially 
when the bivalve section is performed through the 
venous plane (see Chap. 22). Its recognition re-
quires understanding of the normal renal venous 
outflow. For instance, elongated nodules of tumor 
located between renal pyramids and rounded 

nodules arrayed along the corticomedullary junc-
tion likely represent RVI within interlobar and 
arcuate veins, respectively (Figs. 24.5 and 24.6). 
Histological demonstration of RVI is challenging 

Fig. 24.5  This RCC, unclassified, is demonstrating sinus 
vein invasion (toward the bottom of the image) and ret-
rograde cortical venous invasion. A cylindrical mass of 
tumor ( long arrow) is in direct continuity with the pri-
mary and extends retrograde into the cortex between two 
renal pyramids. Cut in cross section are several arcuate 
veins ( short arrows) involved by retrograde extension. 
These are in continuity with the cylindrical intravenous 
tumor ( long arrow) visible between the renal pyramids

 

Fig. 24.4  This drawing depicts an example of retrograde 
cortical venous invasion. The RCC on the left has entered 
the sinus venous system at the bottom and extends to the 
main renal vein. To the right veins draining the nonneo-
plastic cortex merge with the vein draining the RCC. With 
the main renal vein occluded, the RCC can grow in a ret-
rograde fashion back to the cortex on the right. Because 
of the arborizing venous system, intravenous tumor can be 
cut in cross and longitudinal planes, imparting an impres-
sion of multifocal tumor or “satellite” nodules
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because cortical veins lack smooth muscle media 
and elastica [27]. Although the venous endothe-
lial lining can be demonstrated in some affected 
vessels, its presence is often effaced as intrave-
nous tumor enlarges and invades the interstitium. 
The presence of an adjacent artery is a useful, but 
nonspecific finding, to support the intravenous 
origin of a cortical nodule. With extensive RVI, 
tumor nodules enlarge and can achieve conflu-
ence making accurate determination of primary 
tumor size difficult.

Vena Cava Invasion: pT3b and pT3c

Venous invasion has always been part of regional 
spread in staging systems and consistently dem-
onstrated to have prognostic importance. The 
prognostic importance of level of venous inva-
sion, however, has been more controversial, lead-
ing to adjustments in definition of the pT3 sub-
stages over the past several TNM formulations. 
Venous invasion has been stratified by cephalad 
extent since 1997 TNM. The 2009 TNM divides 
venous invasion into three substages, main renal 

vein and sinus veins (pT3a), VC below the dia-
phragm (pT3b), and VC above the diaphragm 
(pT3c), with the diaphragm representing the 
cutoff for pT3b and pT3c. An 11-institution con-
sortium established to review venous extension 
in 1215 patients stratified as proposed by 2009 
TNM, recently reported that the level of venous 
involvement is an independent predictor of sur-
vival [28].

The 2009 TNM included a new qualifying 
feature for pT3c, invasion of the wall of the VC 
at any level. Thus, tumor in the VC below the 
diaphragm can represent either pT3b or pT3c 
dependent upon the absence of, or presence 
of venous wall invasion, respectively. The lat-
ter determination requires evaluation of a caval 
“thrombus,” a resection that can pose staging 
challenges, especially when submitted not oth-
erwise specified. The specimen can be abundant 
and gross recognition of vein wall to direct tissue 
sampling may be difficult. The ISUP Consensus 
Conference sampling recommendation is to sub-
mit at least two blocks of tissue. However, more 
may be indicated dependent upon the clinical and 
anatomic features of an individual case.

pT4 and the Adrenal Gland

Extension of tumor beyond Gerota’s fascia has 
been the sole criterion for pT4 designation for de-
cades. The 2009 TNM expanded pT4 to include 
direct extension into the adrenal gland. Direct 
adrenal gland extension in continuity with the 
primary tumor had been included with perineph-
ric fat invasion in the pT3a category for decades. 
Several groups, however, have shown that direct 
invasion of the adrenal gland is significantly as-
sociated with death from RCC, and that there is 
no difference in survival between patients with 
pT4 and pT3a tumors with direct adrenal gland 
invasion, justifying inclusion in the pT4 category 
[9, 29]. Adrenal gland involvement can occur by 
two routes: hematogenous metastasis (M1) or 
direct extension from the primary tumor (pT4). 
These are usually easily distinguished grossly.

Fig. 24.6  This clear cell RCC is demonstrating exten-
sive sinus vein invasion and retrograde cortical venous 
invasion. The main tumor is not shown. All of the visible 
tumor is intravenous, within sinus veins, and within inter-
lobar and arcuate veins that encircle the renal pyramids. 
To the lower right, the adrenal vein in the perinephric fat 
is involved in a retrograde fashion from the main renal 
vein
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Lymph Node Involvement: N Stage

Lymph node dissection (LND) represents the 
most accurate method to document lymph node 
involvement. However, its role in the treatment 
of RCC is controversial leading to a progressive 
decrease in LND over the last two decades. There 
are currently no universally accepted recommen-
dations on patient selection for LND or even on 
the extent of the LND if one is performed [30]. 
In 2008, the European Organization for Research 
and Treatment of Cancer (EORTC) Genitouri-
nary Group published the results of a 20-year 
phase three trial of 732 patients [30]. Although 
this study included a large number of low-risk 
patients, they found no survival advantage for 
clinically node negative patients treated with ne-
phrectomy and LND, compared to those treated 
by nephrectomy alone. Other studies have found, 
however, a survival advantage in high risk pa-
tients with enlarged lymph nodes [31].

The incidence of nodal disease is T-stage spe-
cific; thus, most patients with lymph node in-
volvement have metastases elsewhere. A recent 
large multi-institutional study showed incidences 
of 1.1 , 4.5 , and 12.3 % for pT1, pT2, and pT3 
cases, respectively [32]. Although approximately 
7 % of RCC patients will have hilar lymph node 
metastases, paradoxically, para-aortic lymph 
nodes and supraclavicular lymph nodes will be 
involved in almost 27  and 21 % of the cases, 
respectively [31]. This apparent conundrum re-
flects the unpredictability of the normal lymphat-
ic drainage of the kidney as detailed in Chap. 22, 
which can be further affected once lymphatics 
are involved and lymphatic obstruction occurs. 
Nodal disease also selects for certain RCC types, 
with papillary RCC over represented compared 
to clear cell. Although patients with nodal dis-
ease have in general a poorer prognosis than 
those without nodal disease, reported 5-year sur-
vivals vary greatly and are RCC type dependent, 
with papillary RCC having an improved survival 
with nodal disease compared to clear cell of 65 %  
versus 19 %, respectively [33].

The TNM has evolved substantially in N-
stage definition over time with trending from 
more complicated to less complicated [7]. In 

1978 TNM, the N stage included five groups, 
N0–N4. This gradually decreased to two groups 
by 1987 TNM, N0 and N1. The 2002 TNM re-
turned to three groups N0, N1, and N2. The 2009 
TNM again simplified the N-category by again 
eliminating N2; N1 is now defined as one, or 
more nodes, involved. This conforms to most 
studies assessing the prognostic impact of nodal 
disease which show significant survival differ-
ences between N0 and N1 disease. Mortality 
worsens, however, with more nodes involved. A 
prognostic difference has been noted at four or 
more positive nodes, a number that differs sub-
stantially from the 2009 TNM N0/N1 breakpoint 
of one lymph node [7]. The extent of lymph dis-
section is also important since the more nodes are 
examined, the more positive nodes will be en-
countered. It has been recommended that at least 
12 nodes should be examined, but this is beyond 
the control of the pathologist [7]. The patholo-
gist’s task is simple: submit all apparent nodal 
tissue grossly identified in the hilar region and 
from a nodal dissection if submitted. The ISUP 
Consensus Conference recommends that search 
for nodal tissue in the peripheral perinephric fat. 
Microscopic examination of all hilar potentially 
node-containing tissue is not necessary [10].

Metastases: M Stage

Approximately 30 % of RCC patients present 
with metastatic disease. This includes 10 % of 
cases with lymph node metastases. The most 
common metastatic sites include bone, liver, 
lung, brain, and lymph nodes. However, RCC is 
notorious for its ability to metastasize to almost 
every organ or anatomic site. There are only two 
M-stage designations, M0 and MI. The survival 
for M1 patients is poor, with only 8.2 % of pa-
tients alive at 5 years (Fig. 24.2) [9].

Additional TNM Descriptors

There are four TNM suffixes employed in con-
junction with the pT designation if the con-
text so merits. The suffixes include “m” for 
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multiple tumors, “y” for post treatment, “r” for 
residual tumor, and “a” for autopsy, as defined 
in Table 24.5. The “r” suffix is employed for 
both nephrectomies and partial nephrectomies if 
a positive margin is identified. The r1 versus r2 
designation is quite subjective. It requires a judg-
ment as to the likely amount of residual disease, 
not otherwise defined.

Additional Prognostic Factors

Future TNMs will likely incorporate additional 
anatomic and nonanatomic data into its prognos-
tic groups. The 2009 TNM recommends docu-
mentation of several anatomic data noted below, 
known to be clinically significant even though 
not required for staging. Most of these data have 
long been included in standard pathology reports. 
The exceptions are data related to lymph node 
size and extranodal extension, data included in 
the TNM classification of many cancers of other 
organ systems:

 RCC type*
 Fuhrman grade*
 Sarcomatoid features*
 Histological tumor necrosis*
 Size of largest lymph node metastasis
 Extranodal extension

The College of American Pathologists “Protocol 
for the Examination of Specimen From Patients 
with Invasive Carcinomas of Renal Tubular Ori-
gin” recommends in addition to the items above 
indicated by an asterisk, inclusion of the follow-
ing data in pathology reports [34]:

 Tumor necrosis
 Tumor extension into the pelvicalyceal system
 Pathologic findings in the nonneoplastic kid-

ney: glomerular disease, tubulointerstitial dis-
ease, vascular disease, cysts and adenomas

Conclusion

The 2009 TNM implemented several major 
changes compared to the 2002 formulation. The 
introduction of substage in the pT2 category may 
be of dubious merit since most RCCs larger than 
7 cm demonstrate extrarenal extension, especial-
ly into the renal sinus, while large renal-limited 
tumors select for the more indolent RCC types of 
papillary and chromophobe cell RCC. The com-
plexity of the pT3 category will continue to be 
problematic because of its numerous combina-
tions of possibilities. The inclusion of invasion 
of the VC wall does not seem to have been data 
driven and, therefore, will need further investiga-
tion. This may present practical challenges since 
VC invasion may be missed because of the diffi-
culty in gross recognition. The inclusion of direct 
adrenal gland extension into pT4 appears to be an 
important modification.

The derivation of the word “surgery” is from 
the Greek meaning hand work. Although the ne-
phrectomy represents the surgeon’s handiwork, 
it is the hand work of the surgical pathologist to 
take the surgeon’s product and generate data to 
forecast the probability of a surgical cure while 
providing other important prognostic informa-
tion. Satisfying this critical clinical necessity is 
straightforward in concept; we must first identify 
the presence or absence of extrarenal extension 
as it relates to the staging parameters of TNM 
2009. How this is accomplished in the individual 
case is sometimes less straightforward. The re-
cent ISUP Consensus Conference recommenda-
tions provide a very useful framework with many 
practical guidelines [10]. However, as noted by 
Dr. Beckwith, “As with all pathological evalua-
tions, there are no universally applicable rules, 
and individual judgment must be used” [6].

Table 24.5  Additional TNM suffixes
Suffix Definition
mpT Multiple primary tumors are present
ypT During or following chemotherapy, radiation 

therapy, or both
r1pT Residual disease when staged after disease 

free interval r1 = microscopic disease
r2pT Residual disease when staged after disease 

free interval r2 = macroscopic disease
apT Stage determined at autopsy
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Appendix

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 7 cm or less in greatest dimension, limited to the kidney
T1a Tumor 4 cm or less in greatest dimension, limited to the kidney
T1b Tumor >  4 cm but not more than 7 cm in greatest dimension, limited to the 

kidney
T2 Tumor more than 7 cm in greatest dimension, limited to the kidney
T2a Tumor >  7 cm but less than 10 cm in greatest dimension, limited to the kidney
T2b Tumor >  10 cm in greatest dimension, limited to the kidney
T3 Tumor extends into the renal vein or perinephric tissues but not into the ipsilat-

eral adrenal gland and not beyond Gerota’s fasciab
T3a Tumor extends into the renal vein or its segmental (muscle containing) branches 

or tumor invades perirenal and/or renal sinus fat but not beyond Gerota’s fascia
T3b Tumor grossly extends into the VC below the diaphragm
T3c Tumor extends into the VC above the diaphragm or invades the wall of the VC
T4 Tumor invades beyond Gerota’s fascia, including contiguous extension into the 

ipsilateral adrenal gland
Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in regional lymph node(s)
Distant metastases (M)
M0 No distant metastasis
M1 Distant metastasis
Anatomic stage/prognostic groups
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T1 or T2 N1 M0

T3 N0 or N1 M0
Stage IV T4 Any N M0

Any T Any N M1
Used with permission from [9]
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Introduction

A carefully crafted surgical pathology report for 
renal cell carcinoma (RCC) provides key infor-
mation that can direct clinical management and 
prognosis for a given patient. Chief among the 
parameters reported are RCC subtype, grade, and 
tumor stage, all of which are covered at length 
in other chapters in this volume. The purpose of 
this chapter is to address remaining features that 
are important to include in the surgical pathology 
report.

Additional Tumor Characteristics  
to Report

Tumor Necrosis

The adverse prognostic significance of tumor ne-
crosis in RCC was first reported by Amtrup et al. 
in 1974 [1]. Although some subsequent studies 

have not supported this conclusion [2, 3], a large 
number of series [4–8] have demonstrated the 
importance of tumor necrosis as an adverse fea-
ture independent of other established parameters. 
Most recently, Delahunt et al. have proposed a 
composite grading system for clear cell RCC that 
incorporates both tumor necrosis and the nucleo-
lar grade recently proposed by the International 
Society of Urological Pathology (ISUP). This 
system has superior discriminatory power when 
compared with ISUP nucleolar grade alone [9]. 
The importance of necrosis appears to be best 
established in clear cell RCC and possibly chro-
mophobe RCC, with conflicting data for pap-
illary RCC [6, 7, 9, 10]. It has been suggested 
that this discrepancy may be due to differences 
in the mechanism of necrosis among these RCC 
subtypes.

Because degenerative phenomena are com-
mon in RCC (e.g., tumor regression and hyalin-
ization in clear cell RCC, organizing hemorrhage 
in papillary RCC, a strict histologic definition of 
tumor necrosis is required for preserving its prog-
nostic importance. Specifically, tumor necrosis 
consists of “homogeneous clusters of sheets of 
dead cells, or coalescing groups of cells forming 
a coagulum, containing nuclear and cytoplasmic 
debris [7, 9]” (Fig. 25.1).

Recognition of the importance of tumor ne-
crosis was reflected in the recommendations 
of the 2012 ISUP consensus conference. It was 
agreed upon by consensus that for clear cell 
RCC, the presence or absence of tumor necrosis 
should be included in pathology reports, that as-
sessment should include both macroscopic and 
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microscopic examination, and that the amount of 
necrosis present should be included as a percent-
age [11]. In practical terms, however, quantifying 
necrosis can be a somewhat subjective exercise 
that is limited by sampling technique and not uni-
versally practiced; at our respective institutions, 
we do not generally submit sections containing 
only grossly necrotic tumor and do not currently 
quantitate necrosis, grossly or microscopically.

Sarcomatoid Differentiation

Sarcomatoid differentiation in RCC, recognized 
as a malignant spindle cell component resem-
bling a sarcoma, is no longer thought to define 
a distinct subtype of RCC. Rather, it is thought 
to represent a common pathway of tumor dedif-
ferentiation that can occur in any RCC subtype. 
Sarcomatoid differentiation in RCC has been 
demonstrated repeatedly to be associated with 
aggressive behavior independent of other patho-
logic parameters; patients with sarcomatoid dif-
ferentiation have frequent metastases, often at 
the time of presentation, and short survival (me-
dian 6–19 months) [12–14]. In some studies, a 
higher percentage of sarcomatoid differentiation 
has been associated with decreased survival [12, 
14]. The parent subtype of RCC does not appear 

to have prognostic significance once sarcoma-
toid differentiation has occurred [12, 13, 15], 
although one recent study suggests that patients 
with metastatic sarcomatoid carcinoma arising in 
association with clear cell RCC may have a bet-
ter response to vascular epidermal growth factor 
(VEGF)-targeted therapy [16].

Grossly, areas of sarcomatoid differentiation 
are often seen as dense, tan to white fleshy areas 
with infiltrative borders, often contrasting with 
the softer character of the associated RCC in 
which they arose [12].

Microscopically, sarcomatoid differentiation 
is recognized as a malignant spindle cell compo-
nent that resembles a sarcoma (Fig. 25.2). The 
appearance most commonly resembles fibrosar-
coma, malignant fibrous histiocytoma, or an un-
classified sarcoma. Heterologous differentiation 
is rare, often taking the form of osteosarcoma, 
chrondrosarcoma, or rhabdomyosarcoma, and 
has not been shown to affect outcome in the few 
instances reported [12, 14, 15].

Because sarcomatoid differentiation is associ-
ated with such aggressive behavior, its presence 
should be mentioned in the surgical pathology 
report. At the most recent meeting of the ISUP, 
there was consensus that no minimum amount 
of sarcomatoid differentiation was necessary to 
establish a diagnosis of sarcomatoid carcinoma; 

Fig. 25.2  Sarcomatoid differentiation in a clear cell 
RCC. An area of sarcomatoid differentiation is seen as a 
malignant spindle cell proliferation that resembles a sar-
coma. This example has associated tumor necrosis

 

Fig. 25.1  Clear cell carcinoma with coagulative tumor 
necrosis. True coagulative tumor necrosis, in contrast to 
hyalinized areas of scarring and regression often seen in 
clear cell RCC, consists of necrotic “ghost” cells with as-
sociated nuclear and cytoplasmic debris
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thus, any amount of sarcomatoid differentiation 
should be mentioned in the surgical pathology 
report [11].

Rhabdoid Differentiation

Rhabdoid differentiation, so named because 
it describes tumor cells that resemble rhabdo-
myoblasts, was described in RCC in a series by 
Gokden et al. in 2000 [17]. The rhabdoid phe-
notype is most commonly seen in association 
with clear cell RCC, but has been reported in 
numerous other subtypes, including papillary, 
chromophobe, medullary, and acquired cys-
tic disease-associated RCC [18–22]. Cells with 
rhabdoid differentiation are variably cohesive 
and contain large, densely eosinophilic intracy-
toplasmic inclusions and eccentrically located 
nuclei, often with prominent nucleoli (Fig. 25.3). 
These hyaline inclusions do not represent muscle 
differentiation but rather have been shown to be 
aggregates of cytoskeletal filaments or degraded 
organelles [17, 21].

Rhabdoid differentiation has been associated 
with increased tumor grade and stage, as well as 
frequent metastasis and death of disease in sev-
eral studies [17, 21, 23]. More recently, it has 
been shown to be independently associated with 

poor outcome [24]. Therefore, it should be men-
tioned when present. This practice was likewise 
supported by ISUP consensus [11].

Additional Reporting Considerations

Evaluation of Nonneoplastic 
Parenchyma in Partial and Radical 
Nephrectomy Specimens

The second key concern after oncologic control 
that affects patients with RCC is postsurgical 
kidney function. This consideration, aided by 
improvements in surgical techniques over time, 
is the motivation for the use of nephron-sparing 
surgery. A significant number of patients (22.4 % 
of radical nephrectomy patients and 11.6 % of 
partial nephrectomy patients) without preopera-
tive renal compromise can expect an increase in 
serum creatinine to greater than 2.0 mg/dL within 
10 years of surgery due to surgical loss of neph-
rons [25]. This problem is compounded in pa-
tients with underlying kidney disease (as associ-
ated with diabetes mellitus or hypertension) [26].

The pathologist can provide useful informa-
tion regarding likely future kidney function by 
sampling and assessing the nonneoplastic renal 
parenchyma present in a partial or radical ne-
phrectomy specimen. Because mass effect from 
the tumor can cause local pathologic changes in 
the kidney parenchyma that are not indicative of 
global kidney dysfunction, sections for the evalu-
ation of nonneoplastic disease should be taken as 
far from the tumor as possible. Thus, an evalu-
ation for medical kidney disease is not recom-
mended in partial nephrectomy specimens that 
contain less than 5 mm of surrounding nonneo-
plastic renal parenchyma [27].

The medical significance of evaluation of the 
nonneoplastic renal parenchyma in a nephrec-
tomy specimen is underscored by the lethality of 
end-stage renal disease, even with dialysis, par-
ticularly in older patients. Average 60, 70, and 
80-year-old end-stage renal disease patients on 
dialysis have life expectancies of 4.3, 3.1, and 2.2 
years, respectively, indicating that many patients 

Fig. 25.3  Rhabdoid differentiation in a clear cell RCC. 
Rhabdoid cells have large eccentric nuclei with vesicu-
lar chromatin and prominent nucleoli as well as a densely 
eosinophilic cytoplasmic inclusion, causing the cells to 
resemble rhabdomyoblasts
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Accession #:                                                  Name:                                                       

RENAL Neoplasm

Procedure: Radical nephrectomy
Partial nephrectomy

Tumor Type: Renal cell carcinoma:
Clear cell
Multilocular cystic renal cell carcinoma
Papillary
Chromophobe
Collecting duct
Medullary carcinoma
Mucinous tubular and spindle cell carcinoma
Translocation associated carcinoma:
Tubulocystic renal cell carcinoma
Unclassified
Other:

Rhabdoid Differentiation: Present:                 %            Absent

Necrosis (microscopic): Present                      Absent

ISUP Nucleolar Grade: /4 N/A

Size:                cm

Extent of Tumor:
Tumor 4 cm or less in greatest dimension, limited to kidney (T1a)
Tumor more than 4 cm but not more than 7 cm in greatest dimension, limited to kidney (T1b)
Tumor more than 7 cm but less than or equal to 10 cm in greatest dimension, limited to kidney (T2a)
Tumor more than 10 cm, limited to kidney (T2b)
Tumor grossly extends into the renal vein or its segmental (muscle containing) branches, or tumor
invades perirenal and/or renal sinus fat but not beyond Gerota’s facia (T3a)
Tumor grossly extends into the vena cava below the diagram (T3b)
Tumor grossly extends into the vena cava above the diagram or invades the wall of the vena cava (T3c) 
Tumor invades beyond Gerota’s fascia (including contiguous extension into ipsilateral adrenal gland) (T4)

Margin Status:
Vascular: Pos     Neg     N/A
Ureteral: Pos     Neg     N/A
Parenchymal: Pos     Neg     N/A
Soft Tissue: Pos     Neg     N/A

Angiolymphatic Invasion (microscopic): Present             Absent
Lymph Nodes:   Not assessed (Nx)

  Negative (N0)
  Metastasis in regional lymph node(s) (N1)
  Positive number (            /            )  Site:

Adrenal Gland Involvement:

Please add a new paragraph after this section that says the following:

Tumor directly invades the adrenal gland (T4)
Involved by metastasis (M1)
Not involved
Not assessed

PATHOLOGIC FINDINGS IN NONNEOPLASTIC
KIDNEY
(check all that apply)

Other (specify): 

Vascular disease
(specify type):

Tubulointerstitial disease
(specify type):

Glomerular disease
(specify type):

Significant pathologic alterations:
None identified

Insufficient tissue (partial nephrectomy specimen
with <5 mm of adjacent nonneoplastic kidney)

Fig. 25.4  A sample reporting template for renal tumors 
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with both end stage renal disease and RCC will 
more likely die from their renal disease than from 
their tumors [27].

In a review of 246 nephrectomy specimens, 
Henriksen and colleagues identified diagnos-
able medical kidney disease in 24 (10 %) cases, 
which was not mentioned in 21 (88 %) of the sur-
gical pathology reports. Diagnosable disease in-
cluded diabetic nephropathy (19 cases, including 
12 classifiable as severe diabetic nephropathy), 
thrombotic microangiopathy (three cases), sickle 
cell nephropathy (one case), and focal segmental 
glomerulosclerosis (one case).

Lastly, evaluation of the nonneoplastic kid-
ney parenchyma can provide important clues to 
the diagnosis of the patient’s renal tumor itself, 
as in the presence of small nests of clear cells 
in patients with von Hippel–Lindau syndrome 
and clear cell RCC, oncocytosis in patients with 
Birt–Hogg–Dubé syndrome as well as oncocyto-
mas, chromophobe RCCs or hybrid tumors, and 
background end-stage renal disease and acquired 
cystic kidney disease in patients with acquired 
cystic-disease-associated RCC. These findings 
are further discussed elsewhere in this volume 
in the chapters on familial syndromes associated 
with renal tumors and newly described diagnos-
tic entities in kidney tumor pathology.

By incorporating the additional parameters 
discussed in this chapter into the surgical pathol-
ogy report for tumor nephrectomy specimens, 
pathologists can more accurately predict patient 
outcome and play a role in guiding management. 
The use of a standard RCC reporting template (as 
in Fig. 25.4, for example) can help to ensure in-
clusion of relevant data.
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Introduction

Since the publication of the World Health Orga-
nization (WHO) classification of renal cell car-
cinoma (RCC) subtypes in 2004, several new 
subtypes of renal epithelial neoplasms have been 
recognized and most of them included in the re-
cent International Society of Urologic Patholo-
gists (ISUP) Vancouver modification of WHO 
(2004) Histologic Classification of renal tumors 
[2]. Several of these entities have important prog-
nostic implications, and all provide insights into 
the pathogenesis of renal epithelial neoplasia. 
This chapter provides the key gross and micro-
scopic features of each tumor, as well as ancillary 
studies helpful in diagnosis, and relevant prog-
nostic information. Newly described tumors with 
a familial association are described in Chap. 29.

Clear Cell Papillary Renal Cell 
Carcinoma

Clear cell papillary renal cell carcinoma (CCP-
RCC, also called clear cell tubulopapillary renal 
cell carcinoma) is a recently recognized entity 
[1] that was originally described as a distinctive 
type of RCC arising in end-stage renal disease 
(ESRD) [2]. Subsequently, however, these tu-
mors have been described in kidneys not affected 
by ESRD [3].

This neoplasm has been included in the recent 
International Society of Urologic Pathologists 
(ISUP) Vancouver modification of WHO (2004) 
Histologic Classification of renal tumors [4]. 
A recent study [5] has reported an incidence of 
approximately 4% of CCP-RCC (including both 
sporadic and tumors associated with end-stage 
renal disease) in 290 consecutive nephrectomies 
performed for renal cell carcinoma [5].

Gross

CCP-RCCs, which commonly arise in adults and 
show no sex predilection, are usually small (mean 
size 2.4 cm, 0.9–4.5 cm), pT1a.). These tumors 
tend to be well circumscribed with a variable 
capsule, are frequently Although uncommon, 
multifocality and bilaterality have been described 
in some cases and may raise consideration of von 
Hippel- Lindau (VHL) associated disease.

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_26,
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Microscopic

CCP-RCCs can have a prominent papillary and/
or tubular architecture. The tubules are of vary-
ing sizes and can branch and form small cysts 
(Fig. 26.1a). Occasionally, the tubules can be 
closely packed, approaching a solid architecture. 
The tubules may contain eosinophilic secretions. 
The cells lining the papillae, tubules, and cysts 
have prominent clear cytoplasm and low-grade 
nuclei with inconspicuous nucleoli. The most 
characteristic feature of these tumors is the linear 
arrangement of nuclei away from the basal aspect 
of cells; an appearance that resembles secretory 
endometrium and has been described as “piano 
keys” (Fig. 26.1b). The delicate sinusoidal/rac-
emose vascular pattern characteristic of clas-
sic clear cell type RCC is not observed in these 
 tumors.

Immunoprofile

CCP-RCCs have an unusual immunoprofile 
which is distinct from both classic clear cell 
type RCC as well as papillary type RCC. These 
tumors are diffusely and strongly positive with 
cytokeratin 7 (CK7) in both the solid and cystic 
areas and negative with alpha-methylacyl CoA 
racemase (AMACR). This staining pattern is dis-

tinct from both classic clear cell type RCC which 
are commonly negative with CK7 and papillary 
type RCC which are typically AMACR positive.

Although diffuse membranous positivity with 
carbonic anhydrase IX (CA-IX) is well described 
in clear cell type RCCs, CCP-RCCs have been 
shown to be positive with CA-IX, showing a 
characteristic “cup-like” reactivity with the ab-
sence of staining on the luminal aspect [6]. These 
tumors are usually negative or show only focal 
expression of CD10 and are commonly diffusely 
positive with high-molecular weight cytokeratin 
(HMWCK, 34beta E12).

Molecular Profile

So far, these tumors have not been shown to have 
the von Hippel–Lindau (VHL) gene mutations or 
3p deletions commonly observed in classic clear 
cell type RCCs. They also lack trisomy of chro-
mosome 7 or loss of Y chromosome, cytogenetic 
changes commonly observed in papillary RCCs 
(PRCCs) [3, 7]. Recent studies have shown 
relative overexpression of VHL mRNA in CCP-
RCCs when compared with clear-cell RCCs. 
CCP-RCCs have also been shown to express 
HIF-1α and Glucose-transporter 1 (GLUT-1). 
The co-expression CAIX, GLUT-1 and HIF-1α 
in the absence of VHL gene alterations  suggest 

Fig. 26.1  a Clear cell papillary RCC showing an ag-
gregate of branching tubules, some cystically dilated and 
containing small papillary structures. The tubules are 
lined by cells with clear cytoplasm and low-grade nuclei. 

b Clear cell papillary RCC showing linear arrangement of 
nuclei away from the basal aspect of the cells, imparting a 
“piano keys” appearance
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activation of the HIF pathway by non-VHL de-
pendent mechanisms [8]. Low copy number 
gains of chromosomes 7 and 17 have also been 
reported in some cases [4].

Prognosis

CCP-RCCs are typically small, biologically in-
dolent tumors. No lymph node or distant metas-
tasis of these tumors has been reported to date in 
the literature.

Recently a distinct tumorous entity named 
renal angiomyoadenomatous tumor (RAT) has 
been described in the literature [9], composed of 
an intimate mixture of epithelial cells associated 
with a variably prominent smooth muscle stroma 
often forming abortive vascular structures. The 
epithelium, described in these tumors as hav-
ing a predominant tubular architecture lined by 
cells with low-grade nuclei and clear cytoplasm, 
is similar to some of the cases illustrated in the 
description of CCP-RCC. The epithelial compo-
nent of RAT is positive with CK7, CA-IX and 
negative with CD10: an immunoprofile identical 
to CCP-RCC. The smooth muscle stroma marks 
with common muscle markers. No VHL muta-
tions have been identified in these tumors. The 
current perspective is that both CCP-RCC and 
RAT have orphologic and immunohistochemical 
similarities and probably represent the spectrum 
of a single entity [4, 5, 14]

Differential Diagnosis

The most critical differential diagnoses include 
classic clear cell type RCC and PRCC. Addition-
ally, translocation-associated RCC may enter the 
differential diagnosis.

Clear cell RCCs, the most common subtype of 
RCC, are typically golden yellow with a variegat-
ed appearance including the presence of hemor-
rhage and necrosis. These RCCs show a  variable 
cystic appearance ranging from focal to exten-
sively multicystic on gross examination. The 
tumor cells have clear cytoplasm are arranged in 
nests, alveoli or solid sheets separated by a char-

acteristic intricate delicate sinusoidal (racemose) 
vascular network, seen in the vast majority of 
cases. Some tumors may show prominent areas 
with granular/eosinophilic cytoplasm, usually as-
sociated with a high nuclear grade. While clear 
cell RCCs may show focal papillary/pseudopap-
illary areas, a prominent papillary architecture is 
uncommon as is the characteristic linear arrange-
ment of nuclei seen in CCP-RCC. Most clear 
cell RCCs are negative with CK7, although focal 
CK7 expression can be seen in and around cys-
tic areas. Diffuse CK7 expression in the majority 
of the tumor is not a characteristic of clear cell 
type RCC [11]. Clear cell RCCs typically show 
diffuse membranous reactivity with CA-IX [12] 
and CD10 [7, 13] and commonly lack reactivity 
to AMACR [14] and HMWCK [15].

CCP-RCC have also been reported in patients 
with VHL disease [16, 17], an autosomal domi-
nant disorder associated with mutations in the 
VHL tumor suppressor gene located on short arm 
of chromosome 3. One recent study [16] reported 
that these tumors noted in 3 patients with VHL 
disease had the characteristic morphology and 
immunoprofile of sporadic CCP-RCC and also 
lacked 3p deletion. However, another study [17] 
has reported that the majority of these CCP-RCC-
like tumors (12/14) arising in patients with VHL 
disease lack the characteristic immunoprofile of 
sporadic CCP- RCC and frequently demonstrate 
chromosome 3p deletion. Overall, based on the 
current available data, it appears that that CCP-
RCC may occur in VHL disease and should be 
included in the differential diagnosis when work-
ing up cystic and/or bilateral renal tumors with 
clear cell features in this clinical setting.

PRCCs are the second most common subtype 
of RCCs and account for 10–15 % of all RCCs. 
These tumors have a unique genotype character-
ized by trisomy of chromosomes 7 and 17 and 
loss of chromosome Y. These tumors commonly 
show a predominant papillary or tubulo-papillary 
architecture mimicking CCP-RCC; however, 
they typically lack the homogenous optically 
clear cytoplasm seen in CCP-RCC. Delahunt and 
Eble [16] proposed a morphologic subdivision of 
PRCCs into type 1 and type 2 PRCCs for prog-
nostic purposes. This subdivision is now included 
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in the current WHO classification of renal carci-
nomas. Type 1 PRCCs, which are more common, 
are characterized by papillae lined by small cells 
with low nuclear grade and scant amphophilic 
cytoplasm arranged in a single layer. They fre-
quently show aggregates of foamy macrophages 
within fibrovascular cores, cholesterol clefts, and 
foci of necrosis, all of which are typically absent 
in CCP-RCC. Although type 1 PRCCs are char-
acteristically positive with AMACR, CK7, and 
CD10, they are usually negative or only focally 
positive with CA-IX [1, 11, 17]. Type 2 PRCCs 
are composed of tumor cells with high Fuhrman 
nuclear grade, abundant eosinophilic (oncocytic) 
cytoplasm and pseudostratification of nuclei on 
papillary cores. Type 2 PRCCs are unlikely to be 
confused be with the low-grade CCP-RCC.

Translocation-associated RCCs are a rare 
subtype of RCCs. They are more frequent in pe-
diatric and young adults [1, 17] although a few 
cases have been described in adults [18]. These 
tumors typically show prominent papillary and/
or solid alveolar growth patterns and are com-
posed of cells with high nuclear grade and clear to 
granular, eosinophilic cytoplasm. Cells lined ex-
clusively by clear cells are rare. Psammoma bod-
ies are typically present [17]. These carcinomas 
are usually negative or only focally positive with 
epithelial markers (CK cocktail, CK7, epithelial 
membrane antigen, EMA) and vimentin. Tran-
scription factor E3 (TFE3) and transcription fac-
tor EB (TFEB) are highly sensitive and specific 
markers for translocation-associated RCC, which 
are negative in CCP-RCC. These tumors are de-
scribed in detail subsequently in this chapter.

Tubulocystic Carcinoma

Tubulocystic carcinoma was originally described 
in 1956 and classified as low-grade collecting 
duct carcinoma [19, 20]. Recently, it has become 
generally accepted that tubulocystic and collect-
ing duct carcinomas are separate tumors from a 
clinical and molecular perspective, and the cur-
rent name of tubulocystic carcinoma of the kid-
ney was proposed in 2004 [19, 21]. While some 
argue that tubulocystic carcinoma is a distinct en-

tity which deserves a separate designation [19], 
there are some studies that have found compel-
ling evidence of a link between tubulocystic car-
cinoma and PRCC; first, tubulocystic carcinoma 
is more often multicentric, similar to papillary 
carcinoma. Second, tubulocystic carcinoma and 
papillary carcinoma often occur concurrently and 
can be intimately admixed. Finally, tubulocystic 
carcinomas have a similar immunohistochemical 
and molecular phenotype to PRCC [22]. Whether 
or not tubulocystic carcinoma is a distinct entity 
or a tumor closely related to PRCC has not been 
currently resolved.

Tubulocystic carcinomas are rare; in one study 
this subtype accounted for < 1 % of all RCCs 
[23]. All reported cases have occurred in adults 
(ranging from 30 to 94), with a male to female 
ratio of 3–7:1.

Gross

Tubulocystic carcinomas involve the cortex and/
or the medulla, and can range from subcentimeter 
to large (17 cm). They have a distinctive gross 
appearance similar to “swiss cheese” or “bubble 
wrap” due to tightly clustered dilated cysts [19, 
22, 24, 25].

Microscopy

Microscopically, tubulocystic carcinomas are 
well circumscribed and composed primarily of 
variably dilated cysts which are relatively evenly 
spaced in a fibrotic, hyalinized stroma. No back-
ground racemose type vascularity is typically 
present. The cysts are lined by a single layer of 
flat to columnar cells with granular oncocytic 
cytoplasm and nuclei with prominent nucleoli, 
similar to Fuhrman nuclear grade 3 (Fig. 26.2a). 
A characteristic feature is the presence of incom-
plete septae which are free-floating within cystic 
spaces (Fig. 26.2b). Occasional cysts can be quite 
dilated up to 1 cm, and prominent hobnailing of 
the cells can be present. Tumors can occasionally 
have focal clearing in the cytoplasm of the cells. 
Very focal cellular stratification and very focal 



32526 Newly Described Entities in Renal Tumor Pathology

papillae within the cysts have been described; 
however, prominent or extensive papillary ar-
chitecture is not a typical feature and should 
prompt consideration of an admixed component 
of PRCC. Increased mitoses, necrosis, and an-
giolymphatic invasion are not typically present. 
Desmoplastic stroma and cellular ovarian type 
stroma are absent [19, 22, 24, 25]. Exceptional 
cases of tubulocystic carcinoma with poorly dif-
ferentiated areas, some of which resemble col-
lecting duct carcinoma, have been described [26].

In some studies, tubulocystic carcinomas have 
been found to be more often multicentric (up to 
20 % in one series), similar to the rate of multi-
centricity in PRCC, and higher than the rates of 
multicentricity seen in other subtypes of RCC 
[22]. In other series, multicentricity rates in tu-
bulocystic carcinoma were low (6 %) [19]. Also, 
in several series, concurrent or admixed papil-
lary renal neoplasms were common (50 % in one 
larger series); the associated papillary neoplasms 
included papillary adenomas and type 1 and type 
2 PRCCs [22, 25]. In those cases in which the 
PRCC was intimately admixed with the tubulo-
cystic carcinoma, most had similar cellular mor-
phology in both the tubulocystic and papillary 
areas [22]. This association with papillary renal 
neoplasms has not, however, been reported in 
other series [19].

The appropriate way to classify carcinomas 
which have both a tubulocystic and papillary 
component is somewhat controversial; some 
have recommended classifying such tumors as 
“renal cell carcinoma, unclassified type, with 
tubulocystic features” [22]. This would require 
close communication with the clinical team, 
however, because some clinicians consider “un-
classified type” to necessarily indicate a high-
grade aggressive RCC.

Immunoprofile

Tubulocystic carcinomas are typically positive 
for CK8, CK18, and CK19; most are negative for 
CK34betaE12, with a few rare cases exhibiting 
very focal positivity. Tumors are variably posi-
tive for CK7, with some series reporting hetero-
geneous staining for CK7 in most of their cases 
and others reporting only very focal or weak 
staining in the majority of their cases. AMACR, 
CD10, and kidney specific cadherin are frequent-
ly strongly positive in tubulocystic carcinomas. 
PAX-2 is described as being positive in only a 
subset of cases. Tubulocystic carcinomas are 
positive for PAX-8, vimentin, and RCC Ma [19, 
22–25]. In a few cases in which a papillary RCC 
component was admixed with the tubulocystic 
carcinoma and for which immunohistochemical 
stains were performed, the papillary and tubu-

Fig. 26.2  a Tubulocystic carcinoma contains cells with 
abundant granular cytoplasm and hobnailing nuclei with 

prominent nucleoli. b Cystic spaces containing incom-
plete septae in tubulocystic carcinoma
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locystic component had a similar immunohisto-
chemical profile [22].

Molecular Profile

One study has shown that the gene expression 
profiles of tubulocystic carcinoma and collecting 
duct carcinomas are distinct, with the majority of 
tubulocystic carcinomas showing a statistically 
significant relative overexpression of vimentin, 
p53, and AMACR, compared to collecting duct 
carcinomas [21]. In a few studies, the majority of 
tubulocystic carcinomas had a molecular profile 
similar to papillary carcinomas (gains of chro-
mosomes 7 and 17 and loss of chromosome Y). 
In a few tumors with both a papillary carcinoma 
and tubulocystic carcinoma component which 
were analyzed, the molecular profile was found 
to be similar in both components. Notably, how-
ever, there is a subset of tubulocystic carcinomas 
which does not harbor the characteristic molecu-
lar changes of PRCC [22].

Prognosis

The vast majority of reported cases of pure tubulo-
cystic carcinoma presented at low stage (pT1), and 
the majority of patients were disease-free at the 
follow-up after resection. However, rare cases of 
pure tubulocystic carcinomas have been reported 
to present at high stage (pT3 or with pelvic lymph 
node metastases), and occasional patients develop 
either local recurrence or distant metastasis. Inter-
estingly, while all of the described tubulocystic 
carcinomas have had high nuclear grade features, 
the majority of tumors had a good prognosis, indi-
cating that Fuhrman nuclear grade may not be pre-
dictive of prognosis in this tumor [19, 23–25]. Tu-
bulocystic carcinomas with admixed high-grade 
PRCC or with poorly differentiated areas may, as 
expected, have worse prognoses. In one study, a 
patient with admixed tubulocystic carcinoma and 
high-grade PRCC developed metastases attributed 
to the high-grade PRCC [25]. In another study of 
tubulocystic carcinomas with poorly differenti-

ated areas, two of the three patients had follow up; 
one had a local recurrence, and the other patient 
died of distant metastases [26].

Differential Diagnoses

The main items in the differential diagnosis for 
tubulocystic carcinoma primarily include cystic 
entities of the kidney, such as benign renal cysts, 
oncocytoma with prominent cystic change, mul-
tilocular cystic RCC, and cystic nephroma/mixed 
epithelial and stromal tumors (MESTs) of the 
kidney. On core biopsies (when the entire lesion 
is not available for examination), it may even be 
difficult to distinguish tubulocystic carcinoma 
from dilated nonneoplastic renal tubules. Typi-
cally, benign cysts and dilated nonneoplastic tu-
bules are lined by unremarkable attenuated tubu-
lar epithelium; hobnailing cells and high nuclear 
grade features with prominent nucleoli should not 
be present. The presence of a distinct mass seen 
grossly or radiographically may also be helpful in 
distinguishing dilated nonneoplastic tubules from 
a tubulocystic carcinoma. While tubulocystic car-
cinomas have high grade, irregular nuclei with 
chromatin alteration, oncocytomas with promi-
nent cystic change retain relatively round, uniform 
low-grade appearing nuclei with even chromatin 
and occasional nucleoli; prominent hobnailing is 
not typically present, and cystic areas may merge 
with areas of more conventional nests of oncocy-
toma. Multilocular cystic RCCs are lined by low-
grade cells with optically clear cytoplasm, identi-
cal to those seen in low-grade clear cell RCCs; 
cells with granular eosinophilic cytoplasm, high-
grade nuclei, and prominent hobnailing should 
not be present. Cystic nephromas are composed 
of multiple cysts with lining epithelium that can 
range from attenuated to cuboidal or columnar 
to hobnailing; MESTs, which some believe to 
be closely related to cystic nephromas, can have 
similar cysts or may have more variably sized 
cysts, with some small branching tubules or cysts 
which can resemble glandular epithelium; ciliated 
epithelium and epithelium with clear cytoplasm 
may also be present. In both cystic nephromas 



32726 Newly Described Entities in Renal Tumor Pathology

and MESTs, the nuclei of the lining epithelium 
are typically low grade, without prominent nu-
cleoli. In addition, cystic nephromas and MESTs 
are characterized by intervening cellular spindled 
“ovarian type” stroma which is estrogen recep-
tor (ER) and progesterone receptor (PR) positive 
and can occasionally show cellular condensation 
surrounding the cysts, in contrast to the fibrotic, 
hyalinized stroma seen in tubulocystic carcino-
mas. Cystic nephromas and MESTs also often 
have thick walled or proliferating  dilated blood 
vessels within the stroma, and in addition MESTs 
can have stromal smooth muscle or adipose tis-
sue. The cysts in cystic nephromas and MESTs 
can be evenly distributed, as in tubulocystic car-
cinomas; however, in many cystic nephromas and 
MESTs, the cysts are clustered, with prominent 
intervening stroma, which would be unusual in a 
tubulocystic carcinoma [19, 22].

The characteristic incomplete septae which 
are free-floating within cystic spaces can be help-
ful, as these are unusual in the other cystic enti-
ties mentioned above. In difficult cases, immu-
nostains may be helpful; tubulocystic carcinomas 
lack an ER, PR positive stroma and are AMACR 
positive.

Acquired-Cystic-Disease-Associated 
Renal Cell Carcinoma

ESRD has been known to be associated with an 
increased risk of developing RCC, with an over-
all incidence of renal carcinomas in end-stage 
kidneys of about 3–7 % [1]. A large clinicopatho-
logic series published in 2006 by Tickoo et al. 
[2] proposed acquired-cystic-disease-associated 
renal cell carcinoma (ACD-associated RCC) as 
a specific subtype of renal cancer arising in end-
stage renal disease. These tumors are commonly 
found incidentally on imaging for surveillance of 
chronic renal disease.

Acquired cystic kidney disease develops in 
approximately half of patients undergoing dialy-
sis. While cysts are present in 8 % of all patients 
beginning dialysis, both the number and size of 
cysts progressively increase as the duration of di-

alysis increases (> 90 % incidence after 10 years 
or more of dialysis). The type of dialysis (peri-
toneal vs. hemodialysis) does not appear to be 
significant. These patients are at increased risk of 
developing RCC, with a risk 100 times that of the 
general population. ACD-associated RCC is be-
coming a well-recognized subtype of RCC and is 
diagnosed based on the characteristic histologic 
appearance and the background cystic disease. 
These RCCs are the most common subtype of 
RCC noted in end-stage kidneys and are almost 
always seen in patients on dialysis. Although 
more common in end-stage kidneys with ACD, 
where ACD-associated RCCs account for 46 % 
of dominant masses, ACD-associated RCCs can 
also occur in noncystic end-stage kidneys.

It is important to remember that other RCC 
subtypes can be seen in both acquired cystic and 
noncystic end-stage kidneys. They include well-
documented subtypes such as PRCC, clear cell 
RCC and chromophobe RCC which account for 
approximately 40 % of all RCCs arising in end-
stage kidneys. Several causes have been pro-
posed for the increased incidence of RCCs in 
ESRD including depressed cellular and humoral 
immunity in renal failure, impaired antioxidant 
defense, chronic infections and inflammation 
with release of free radicals causing deoxyribo-
nucleic acid (DNA) damage and mutations, use 
of immunosuppressive medications, and prolifer-
ative activity induced by the oxalate crystals [1].

Gross

ACD-associated RCCs are commonly multifocal 
and bilateral. They can have a thick fibrous cap-
sule and can appear to have arisen in cysts. They 
are usually well circumscribed and frequently 
show foci of hemorrhage, necrosis, and calcifi-
cation. The background kidney can be normal in 
size or small and scarred. In acquired cystic end-
stage kidneys, numerous cortical and medullary 
cysts are noted, ranging in size from 0.5 to 3 cm. 
The cysts initially form in the cortex, but in ad-
vanced cases medullary cysts can occur.
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Microscopy

Cells in these RCCs are arranged in a variety of 
architectural patterns including acinar, papillary, 
solid, and cystic. The tumor cells are large with 
abundant eosinophilic/oncocytic cytoplasm and 
large nuclei with prominent nucleoli, reminiscent 
of Fuhrman grade 3 nuclei. Frequent cytoplasmic 
lumina confer the characteristic “cribriform” or 
“sieve-like” architecture to this tumor. Another 
characteristic feature seen in the vast major-
ity of these tumors is the presence of abundant 
intratumoral oxalate crystals [2, 27, 28]. These 
crystals are seen within the tumor and are not 
 associated with foci of necrosis or inflammation 
(Fig. 26.3). Focal areas composed of cells with 
clear cytoplasm are not uncommon; such foci can 
mimic clear cell RCC. Sarcomatoid and rhab-
doid features may be seen in a subset of cases. 
In the background kidney, especially in the set-
ting of acquired cystic kidney disease, there are 
 numerous cysts lined by a similar population of 
eosinophilic cells. While these cysts are usually 
distributed throughout the kidney, occasionally 
they can be clustered together.

Immunoprofile

Tumor cells are diffusely positive with AMACR 
and usually negative or only focally positive with 

CK7. CK AE1/AE3, CD10, and RCC marker are 
typically positive, and lack of high-molecular 
weight CK expression has been reported [1, 29, 
30]. In our anecdotal, unpublished experience, 
these tumors are diffusely positive with PAX-8. 
The cysts in the background kidney are also usu-
ally diffusely positive with AMACR and nega-
tive or only focally positive with CK7.

Molecular Profile

ACD-associated RCCs lack the characteris-
tic changes seen in clear cell RCCs (VHL gene 
mutation or 3p deletion) or PRCCs (trisomy of 
 chromosomes 7 and 17 as well as loss of chro-
mosome Y). Comparative genomic hybridization 
(CGH) and fluorescence in situ hybridization 
(FISH) studies have shown chromosomal gains 
on multiple chromosomes including chromo-
somes 3, 7, 16, 17, and Y. Chromosomal losses 
are uncommon while frequent gains on chromo-
somes 3 and Y have been reported [30, 31].

Prognosis

Most tumors are small and have a good progno-
sis. Metastasis is rare and when present is usu-
ally to regional lymph nodes. Rare cases have 
presented with extrarenal extension, renal vein 
extension (pT3 disease), and/or sarcomatoid and 
rhabdoid differentiation [32].

Differential Diagnosis

The most common differential diagnosis of ACD-
associated RCC includes PRCC, clear cell RCC, 
and RCCs with oncocytic cytoplasm.

PRCCs as mentioned previously can be sub-
divided into type 1 and type 2 PRCCs for prog-
nostic purposes [16]. Type 2 PRCCs may be 
confused with ACD-associated RCCs as both 
can have tubulopapillary architecture as well as 
cells with predominantly oncocytic cytoplasm 
and high-grade nuclei with prominent nucleoli; 

Fig. 26.3  Numerous vacuoles present within acquired 
cystic disease-associated carcinoma. Associated oxalate 
crystals are evident
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rarely type 1 PRCCs, which tend to show scant 
basophilic or focally clear cytoplasm with low-
grade nuclei, may also be confused with ACD-
associated RCC. While PRCCs can be seen in the 
setting of cystic end-stage kidneys, these tumors 
lack the characteristic intratumoral oxalate crys-
tals as well as the cytoplasmic lumina imparting 
a cribriform appearance seen in ACD-associated 
RCCs. Also, while both tumors express diffuse 
AMACR expression, the vast majority of PRCCs 
are diffusely positive with CK7 unlike ACD-as-
sociated RCCs.

Classic clear cell RCCs can occasionally cause 
diagnostic confusion, as ACD-associated RCCs 
can show foci with clear cell morphology mim-
icking clear cell RCCs. However, ACD-associ-
ated RCCs lack the characteristic delicate sinu-
soidal “racemose” vasculature characteristically 
seen in the majority of clear cell RCCs. Although 
clear cell RCCs can frequently have eosinophilic 
granular cytoplasm with high-grade nuclei show-
ing prominent nucleoli, clear cell RCCs lack 
the varied architecture including papillary and 
cribriform patterns as well as the oxalate crys-
tals frequently seen in ACD-associated RCCs. 
While both these tumor types are usually nega-
tive with CK7, clear cell RCCs are also negative 
or show only focal AMACR expression. Strong, 
diffuse, membranous expression with CA-IX is 
commonly seen in clear cell RCCs. In our experi-
ence, CD10 is not very useful in distinguishing 
these tumors.

RCCs with oncocytic cytoplasm such as chro-
mophobe RCCs or high-grade unclassified type 
RCCs with oncocytic cytoplasm can rarely enter 
into the differential diagnosis; careful attention 
to immunomorphologic features can usually re-
solve the diagnosis. ACD-associated RCCs lack 
the plant-like architecture, koilocytic atypia, and 
diffuse CK7 positivity commonly noted in chro-
mophobe RCCs. Unclassified RCC is a diagnosis 
of exclusion; these tumors lack the characteristic 
morphology and oxalate crystals seen in ACD-
associated RCCs.

Translocation-Associated Renal Cell 
Carcinomas

While renal carcinomas associated with Xp11.2 
translocations/TFE3 gene fusions have been 
included in the most recent WHO classifica-
tion [33], the spectrum of translocation-asso-
ciated RCCs has greatly expanded. This group 
of closely related carcinomas is defined by a 
translocation involving one of the members of 
the microphthalmia-associated transcription fac-
tor (MiTF) family, which codes for basic helix-
loop-helix/leucine zipper transcription factors. 
Members of this family include TFE3, TFEB, 
TFEC, and MiTF. They share homologous DNA 
binding and activation domains, and may have 
functional overlap; MiTF is important in melano-
genesis. RCCs which harbor these translocations 
are collectively referred to as MiTF/TFE family 
translocation-associated carcinomas and include 
Xp11.2/TFE3 translocation-associated carcino-
ma and its purported subtype, melanotic Xp11 
translocation tumor, as well as TFEB (t(6;11)) 
associated carcinoma [34–36].

Xp11.2 Translocation-Associated RCC

Xp11.2/TFE3 translocation-associated RCCs are 
rare, with reported incidences in large series of 
adult neoplasms of 1.6–4.2 %. This carcinoma 
constitutes a much higher proportion of RCC in 
children and young adults; reported incidences in 
this population range widely (20–76 %) depending 
on the study and the age cutoff. However, given 
the rarity of RCC in children and young adults, it 
is likely that the absolute number of Xp11.2 trans-
location associated carcinomas is higher in adult 
populations than in pediatric populations [17, 36]. 
A significant proportion (15 %) are associated 
with a history of chemotherapy [37].

Microscopy
The most characteristic morphology of Xp11.2 
translocation-associated carcinomas is architec-
tural heterogeneity; within any given tumor, cells 
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can be variably arranged in sheets, nests, trabec-
ulae, true papillae, or pseudopapillae. The cells 
typically have voluminous cytoplasm which can 
range from eosinophilic and granular to clear and 
can have bulging cell borders. Within any tumor 
the nuclear grade can vary, but these are almost 
uniformly at least focally of high Fuhrman nuclear 
grade. Clear cells arranged in some areas around 
true papillae and in other areas in solid sheets and 
nests with prominent cell borders is a relatively 
specific morphologic feature seen in many of 
these tumors (Fig. 26.4a). Many of these tumors 
exhibit, at least focally, a pseudoalveolar pattern 
in which cells are arranged in alveoli with central 
cellular discohesion (Fig. 26.4b). In some areas, 
the discohesion can lead to the formation of pseu-
dopapillae. Prominent psammoma bodies and 
scattered xanthoma cells have been described in 
some tumors (Fig. 26.4c). Different gene fusions 
may lead to differing morphologic features; those 
with the ASPL-TFE3 typically are composed of 
large polygonal cells with abundant cytoplasm 
and high-grade nuclei arranged in an alveolar or 
pseudopapillary pattern. Psammoma bodies can 
be extensive. In contrast, those with the PRCC-
TFE3 gene fusion typically have tumor cells with 
less abundant cytoplasm arranged in nests; psam-
moma bodies are rare or absent [34, 36, 38, 39]. 
Recently, newly described Xp11 translocation-
associated RCCs have expanded the morphologic 
spectrum; tumors with a dual population of cells, 
some with voluminous abundant cytoplasm and 
prominent cell borders and some with less abun-
dant cytoplasm arranged around hyaline material, 
similar to that seen in t(6;11) associated RCCs; 
tumors with pleomorphic neoplastic giant cells; 

tumors with hobnailing cells arranged in tubules 
and cysts; tumors with low-grade spindled areas; 
tumors with prominent cystic change; and tumors 
resembling infiltrative urothelial carcinoma have 
been described [18, 40, 41].

Immunohistochemistry
The majority of Xp11.2 translocation-associated 
carcinomas are either negative for or only very 
focally positive for epithelial markers such as 
CK cocktail, CK CAM5.2, CK7, and EMA. The 
other characteristic immunostain is for the mu-
tant (chimeric) TFE3 protein, which is overex-
pressed relative to native TFE3; the immunostain 
utilizes an antibody directed against the C-termi-
nal portion of TFE3, which is preserved across 
all described gene fusions. Reported sensitivity 
(82–97.5 %) and specificity (79–99.6 %) for this 
immunostain vary widely [42–44]. This is likely 
due to differences in methodology. In addition, 
the immunostain can be technically challeng-
ing, and depending on fixation of the tissue and 
the methodology of the stain, native TFE3 can 
pick up the stain; typically Xp11.2 translocation 
carcinomas exhibit moderate to strong, diffuse 
nuclear staining that can be appreciated at low 
power. Therefore, appropriate caution should 
be used in interpreting this immunostain; com-
parison with the staining pattern in the adjacent 
normal kidney is helpful, and it should be inter-
preted in the context of the overall morphology 
as well as with any supporting molecular find-
ings [36, 42]. These carcinomas frequently label 
for PAX-2 and PAX-8. Vimentin is usually nega-
tive or only very focally positive. The tumors are 
typically positive for CD10, RCC, and AMACR 

Fig. 26.4  Xp11 translocation-associated carcinoma showing a clear cells arranged around true papillae, b areas with 
an alveolar architecture, and c numerous psammoma bodies
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[38, 39, 45, 46]. CA-IX is either negative or 
only very focally positive, usually around areas 
of necrosis [46]. One relatively new marker that 
shows promise is cathepsin-K, a protease whose 
expression is driven by MiTF in osteoclasts; cy-
toplasmic expression of cathepsin-K can help 
distinguish MiTF/TFE RCCs from other RCCs. 
It has been found to be relatively specific but not 
particularly sensitive for Xp11 translocation car-
cinomas. Interestingly, in one study cathepsin-K 
was found to be positive in RCCs harboring the 
PRCC-TFE3 gene fusion but not in those harbor-
ing ASPSCR1-TFE3 gene fusion, suggesting that 
expression of this marker may be dependent on 
the particular gene fusion expressed [47, 48].

Molecular/Genetic Profile
Xp11.2/TFE3 translocation-associated carci-
nomas most commonly harbor either t(X;17)
(p11.2;q25), which leads to a fusion of the tran-
scription factor gene TFE3 with the ASPL gene; 
or t(X;1)(p11.2;q21), which leads to a fusion of 
the TFE3 gene with the PRCC gene. Other less 
commonly described translocations in these 
RCCs include t(X;1)(p11.2;p34), which leads 
to the fusion of the TFE3 gene with the PSF 
gene; inv(X)(p11;q12), which leads to a fusion 
of the TFE3 gene to the NonO (p54nrb) gene; 
and t(X;17)(p11.2;q23), which leads to the fu-
sion of the TFE gene to the CLTC gene. RCCs 
with t(X;3)(p11.2;q23) and t(X;10)(11.2;q23) 
have been reported; the gene fusion partners are 
unknown. Such translocations can be diagnosed 
through FISH analysis or cytogenetic analysis 
[36]. Reverse transcription polymerase chain 
reaction (RT-PCR) has also been utilized in the 
literature, but this is somewhat limited in prac-
tice due to the variable gene fusions seen in these 
tumors.

Prognosis
The prognosis and outcome of these carcinomas 
is somewhat controversial. In young patients, 
most series agree that Xp11.2 translocation car-
cinomas generally present at a higher stage (III/
IV) compared to other RCCs [49, 50]. However, 
some have suggested that despite presenting at 
higher stage, many have a relatively good prog-

nosis and indolent course [49]; in one series, it 
was argued that lymph node metastases in the 
absence of hematogenous disease spread did not 
necessarily portend a worse prognosis, at least 
in the short term [49, 51]. Others report poorer 
outcome (overall and disease free survival) in pe-
diatric patients with TFE3+RCC as compared to 
those with TFE3-RCC [50]. Complicating these 
data is the fact that most series have a relatively 
short follow-up interval, and there have been sev-
eral case reports of late recurrences occurring as 
long as 20–30 years after the initial resection [52, 
53]. More extensive, long-term follow-up data 
need to be collected before any definitive con-
clusions about the prognosis of these RCCs can 
be made. In adults, Xp11.2 translocation RCCs 
generally present at higher stage, and the clinical 
course is more aggressive as compared to other 
subtypes of RCC, with several deaths due to dis-
ease reported [18, 36].

Differential Diagnosis
Because of architectural variation in these tu-
mors, they can, at least focally, mimic other RCC 
subtypes, such as clear cell RCC and PRCC. 
Clear cell RCCs can have pseudopapillae, but 
usually do not have true papillae. Psammoma-
tous calcifications and xanthoma cells are not 
commonly seen in clear cell RCC. In addition, 
 extensive areas in which cells with voluminous 
cytoplasm are arranged in sheets without inter-
vening vascular stroma is unusual in clear cell 
RCC and should prompt consideration of trans-
location RCC. PRCC can occasionally have true 
papillae lined by clear cells, but these clear cells 
are typically in areas of prior hemorrhage, and 
associated hemosiderin and reactive changes 
may be seen in close association with the clear 
cells. Solid nests and sheets of clear cells are not 
commonly seen in PRCC.

Finally, clear cell PRCC is also often in the 
differential diagnosis; these carcinomas are typi-
cally low grade, in contrast to Xp11 translocation 
RCC, and cells are arranged in tubules, nests, or 
sheets, usually without an intervening vascular 
network. A diagnostic clue to clear cell PRCC, 
as discussed previously, is the linear arrangement 
of apically placed nuclei. Clear cell PRCC can 
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be cystic, which is relatively uncommon in Xp11 
translocation RCC, and do not often have psam-
momatous calcifications.

Occasionally, however, Xp11 translocation 
RCCs can almost completely mimic either a clear 
cell or PRCC, and the only clue is the patient’s 
young age. In contrast to Xp11 translocation 
RCCs, clear cell, papillary, and clear cell PRCCs 
are usually diffusely strongly positive for epithe-
lial markers CK AE1/3, Cam 5.2, and EMA; posi-
tive for vimentin; and negative for cathepsin K 
and TFE3. In addition, clear cell RCCs are often 
diffusely strongly positive for CA-IX, and PRCCs 
may be positive for CK7 (more commonly in type 
1 PRCCs). Clear cell PRCCs are typically also 
diffusely strongly positive for CK7 [54].

Melanotic Xp11 Translocation-Associated 
Renal Cancer
Melanotic Xp11 translocation-associated renal 
cancer is a recently described entity for which 
there are only a handful of small series and case 
reports; only five definitive cases have been re-
ported. However, given how recently this entity 
has been described, it is quite possible that some 
putative cases of primary melanomas or primary 
epithelioid perivascular epithelioid cell tumors 
(PEComas) of the kidney do, in fact, represent 
melanotic Xp11 translocation-associated renal 
cancer. While the majority of these tumors have 
been reported in children (ages 11, 12, and 14), 
a few reports occurred in slightly older patients 

(ages 18 and 30). All of these tumors by defini-
tion harbor a TFE3 translocation. In addition, in 
all reported cases, melanin pigment is present in 
at least a subset of the tumor cells [35, 41, 55, 56].

Microscopy
These tumors are composed predominantly of 
polygonal epithelioid cells with rounded nuclei, 
only occasional nucleoli, and clear to finely gran-
ular cytoplasm arranged in sheets or nests with a 
background capillary vascular network. Distinc-
tive cellular borders may be present. Focal cellu-
lar pleomorphism has been reported in one case. 
One reported case had a distinctive morphology, 
composed of areas with cells with abundant clear 
cytoplasm, resembling clear cell RCC and other 
areas with nests of cells with granular cytoplasm, 
small nuclei, and central discohesive and pseu-
doalveolar patterns. In this case, necrosis was 
also present. Other unusual features described in 
one case included stroma with focal perivascular 
eccentric hyaline sclerosis. Pigment, described 
predominantly as fine and granular but also fo-
cally coarse and refractile and proven in some 
cases to be melanin pigment through Fontana 
Masson stains, is present in the cytoplasm of the 
tumor cells, and ranges from either being pres-
ent focally to being extensive and throughout the 
tumor (Fig. 26.5a) [35, 55, 56].

Immunohistochemistry
These tumors typically are negative for epithelial 
markers (CKs and EMA). They are negative for 

Fig. 26.5  a Melanotic Xp11 translocation renal can-
cer with nests of polygonal cells with finely granu-
lar cytoplasm and brown intracytoplasmic pigment.  

b Nuclear immunoexpression of TFE3 in melanotic Xp11 
translocation renal cancer
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S100 and muscle markers such as smooth muscle 
actin, muscle specific actin, and desmin. In con-
trast to conventional Xp11 translocation-asso-
ciated RCCs, they are positive for melanocytic 
markers HMB45 and Melan A and are negative 
for renal tubular markers, including RCC, CD10, 
PAX-2 and PAX-8. All described cases have ex-
pressed TFE3 nuclear staining (Fig. 26.5b) [35, 
41, 55, 56].

Molecular Profile

In one reported case, the gene fusion partner for 
TFE3 was PSF, and in the remaining four cases, 
the partner was not specified (although in two, 
it was found not to be ASPL). In four cases, the 
gene fusion was confirmed through FISH for 
TFE3; in the final case, the gene fusion was con-
firmed through RT-PCR [35, 41, 55, 56].

Differential Diagnosis

The differential diagnosis is difficult and in-
cludes PEComa, primary melanoma, and other 
carcinomas. PEComa represents probably the 
most challenging differential diagnosis, as mela-
notic Xp11 renal cancer can have many features 
of a PEComa (epithelioid morphology, eccen-
tric hyaline sclerosis of vasculature, positivity 
for melanocytic markers). Renal PEComas in-
clude epithelioid angiomyolipomas (AMLs) and 
lower-grade oncocytoma-like AMLs. However, 
most renal PEComas in children arise in the set-
ting of tuberous sclerosis. PEComas may also 
exhibit spindling, a feature not typically seen in 
 melanotic Xp11 translocation renal cancers; they 
usually do not exhibit pigmentation, and are usu-
ally positive for muscle markers (actin, desmin) 
and negative for TFE3. Primary renal melanoma 
is exceedingly rare, and in most cases involves 
the renal pelvis (possibly due to origin in the uro-
thelium). Most cases of renal melanoma are asso-
ciated with a disseminated disease from a known 
primary melanoma. In difficult cases, immunos-
tains may be helpful; most melanomas are S100 
positive and should be TFE3 negative. Clear cell 

RCC is also in the differential; the presence of 
melanin pigment, the eccentric hyalinization of 
background stromal capillaries (if present), and 
the negativity for epithelial markers, negativity 
for renal tubular markers (CD10, PAX-2/8, RCC) 
and positivity for melanocytic markers and TFE3 
favor a melanotic Xp11 renal cancer over a clear 
cell RCC [35, 55, 56].

Prognosis
There is some controversy as to whether these 
melanotic Xp11 renal cancers represent a variant 
of a primary renal melanoma, PEComa, or car-
cinoma as they have overlapping immunomor-
phologic features with these entities. The overall 
 current consensus is that they represent an entity 
on the spectrum of Xp11 translocation RCCs, 
with a phenotype that most closely approximates 
a PEComa [35]. The recent description of ex-
trarenal TFE3+ neoplasms, which are currently 
classified as PEComas but which are muscle 
marker negative, occur in young patients, do not 
have any association with tuberous sclerosis, and 
seem to have a different pathogenetic mechanism 
from conventional PEComas which may be an-
other entity that overlaps with melanotic Xp11 
renal cancer and conventional Xp11 RCC.

Given the rarity of this tumor and its recent 
description, its behavior is not well described; 
however, the majority (three of five) of reported 
cases presented with high-stage tumors and wide-
ly metastatic disease, and one patient has died of 
disease, suggesting that at least some of these tu-
mors behave aggressively [35, 41, 55, 56].

t(6;11)-Associated RCC

RCCs which harbor a translocation between 
the gene encoding TFEB on 6p21 and Alpha on 
11q12 (t(6;11)-associated RCCs) were first de-
scribed in 2001; to date, fewer than 30 cases have 
been described. While the majority of cases have 
been described in children and adolescents (< 20 
years), a few cases have been described in adults 
(30–54 years) [57–61].
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Microscopy
These tumors classically have a solid, nested ar-
chitecture and have a dual cell population. The 
majority of the cells resemble those seen in clear 
cell RCC; they are polygonal with abundant clear 
to eosinophilic cytoplasm and have rounded 
nuclei with prominent nucleoli consistent with 
Fuhrman nuclear grade 3. These cells can be ar-
ranged in tubules or nests with a prominent inter-
vening background capillary network or in sheets 
without any intervening vasculature. The second, 
smaller population consists of cells having lower 
grade nuclei with dense chromatin and more 
scant eosinophilic cytoplasm, arranged in pseu-
dorosettes around hyaline basement membrane 
material, somewhat reminiscent of Call-Exner 
bodies (Fig. 26.6). These clusters of smaller cells 
often are within acini lined by the larger, po-
lygonal cells. Abortive papillae, psammomatous 
calcifications, and pigmentation have also been 
described in some tumors. Mitoses are rare, and 
necrosis is typically absent [57, 59]. Recently, 
the morphologic spectrum of TFEB translocation 
RCCs has expanded; a tumor with epithelioid eo-
sinophilic cells, spindling, admixed adipose tis-
sue and dysplastic vessels resembling epithelioid 
AML; a tumor with a dual cell population with 
larger polygonal cells with reticulated eosino-

philic cytoplasm and prominent cell borders and 
a second population of smaller cells with peri-
nuclear haloes resembling chromophobe RCC; a 
tumor with oncocytic cells arranged in true pa-
pillae resembling papillary RCC; tumors resem-
bling clear cell RCC with either cystic change or 
extensive hyalinization and ossification; a tumor 
with variable morphology, with some areas re-
sembling oncocytoma and some resembling clear 
cell RCC; and tumors with areas resembling 
Xp11 RCC have been described [58, 60, 61].

Immunohistochemistry
The most specific immunohistochemical marker 
is for the overexpressed mutant (chimeric) TFEB 
protein, which in one series showed moderate to 
strong nuclear staining in all seven of their mo-
lecularly confirmed cases, and was negative in 
all (1089) other neoplasms tested. Of note, weak 
(1+) staining for TFEB was noted in a subset 
of normal lymphocytes [57]. As with the TFE3 
immunostain, this immunostain can be techni-
cally challenging. Tumors are generally positive 
for melanocytic markers, HMB45 and Melan A, 
 positive for PAX-8, and positive for vimentin 
[58]. They are negative for CKs (AE1/3, Cam 5.2, 
EMA, and CK7), negative for S100, and negative 
for muscle markers (desmin, myogenin). These 
tumors are also negative for RCC; CD10 is gen-
erally negative, at most being described as very 
focally positive in a small subset of tumors [57, 
61]. These tumors generally show strong diffuse 
cytoplasmic positivity for cathepsin K and are 
negative for TFE3 [48, 61].

Molecular Profile
The TFEB gene on 6q21 is, in all cases, fused 
to the Alpha gene on 11q12, an intron-less gene 
which does not encode a protein and whose func-
tion is unknown. In the literature, the gene fusion 
has been detected through cytogenetic karyo-
typic analysis, DNA PCR, RT-PCR, and FISH. 
Given the constraints of needing fresh tissue for 
PCR and cytogenetic analysis, and given that the 
breakpoints in the TFEB and Alpha genes are 
highly variable, possibly leading to false  negative 

Fig. 26.6  t(6;11) associated RCC with larger polygonal 
cells and smaller lower-grade cells surrounding basement 
membrane material in pseudorosettes. (Courtesy of Dr. 
Victor Reuter, Memorial Sloan-Kettering Cancer Center, 
New York)
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PCR results, the FISH analysis seems to be the 
most promising molecular test [58–61].

Prognosis
Given the rarity of these tumors and their recent 
description, their behavior is not well elucidated; 
however, the majority appears to behave in an 
indolent fashion, with most patients disease free 
after resection. However, at least one patient with 
a molecularly confirmed case of TFEB transloca-
tion tumor has died of disease, indicating that at 
least a small subset of these tumors behaves ag-
gressively [61].

Differential Diagnosis
The primary differential diagnosis is clear cell 
RCC, especially in cases in which the tumor is 
predominantly composed of the large polygonal 
clear cells and the secondary population of cells 
with less voluminous cytoplasm and pseudoro-
sette formation around hyaline basement mem-
brane material is inconspicuous or focal. There 
have been rare cases of t(6;11) RCCs which 
mimic other subtypes of RCC, such as papil-
lary or chromophobe RCC [58, 60, 61]. Close 
attention to the dual population of cells and the 
hyaline basement membrane material, as well as 
the young age of the patient, can be helpful. Im-
munohistochemistry can be helpful in difficult 
cases; clear cell, papillary, and chromophobe 
RCCs are typically diffusely strongly positive for 
CKs (AE1/3, CAM5.2) and EMA, in contrast to 
t(6;11) RCCs. Chromophobe and PRCCs (typi-
cally type 1) are positive for CK7. In addition, 
clear cell and papillary RCCs are positive for 
CD10 and RCC. The unusual melanocytic marker 
positive, cathepsin K positive and TFEB positive 
profile seen in t(6;11) RCCs is also quite helpful 
in ruling out other RCCs [48, 61]. Finally, there 
has been one t(6; 11) RCC case which morpho-
logically mimicked an epithelioid AML. AMLs 
in young patients typically occur in the setting 
of tuberous sclerosis and, in contrast to t(6;11) 
RCCs, AMLs are positive for muscle markers 
and negative for PAX-8, cathepsin K and TFEB.

Thyroid-Like Follicular Carcinoma  
of the Kidney

Thyroid-like follicular carcinoma of the kidney is 
a rare renal neoplasm described after publication 
of the 2004 WHO classification of renal tumors. 
In 2006, Jung et al. [62] described in a 32-year-
old woman a kidney tumor bearing a striking re-
semblance to follicular carcinoma of the thyroid. 
Clinical and imaging evaluation of this patient 
revealed no tumors in the thyroid, and the renal 
tumor did not express TTF-1 or thyroglobulin. 
Amin et al. [63] published a series of six simi-
lar tumors, the largest series reported to date, for 
which they proposed the term “Primary Thyroid-
Like Follicular Carcinoma of the Kidney.” All six 
of these patients had no evidence of a primary 
thyroid tumor upon extensive clinical and radio-
graphic evaluation.

Gross

Thyroid-like follicular carcinomas of the kid-
ney are grossly well-circumscribed tan to brown 
tumors, ranging in reported cases from 1.9 to 
11.8 cm [62–64].

Microscopy

These tumors, often encapsulated, are composed 
of macrofollicles and microfollicles surrounding 

Fig. 26.7  Thyroid-like follicular carcinoma containing 
cuboidal cells surrounding colloid-like material, resem-
bling a follicular neoplasm of the thyroid gland
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inspissated colloid-like material, resembling a 
follicular neoplasm of the thyroid gland [63–66]. 
The follicles are lined by bland cuboidal cells 
with round, regular nuclei, uniform chromatin, 
and a moderate amount of amphophilic to eo-
sinophilic cytoplasm (Fig. 26.7). Papillary struc-
tures and nuclear features of papillary thyroid 
carcinoma are not present. Significant mitotic 
activity is not present.

Immunohistochemistry

Primary thyroid-like follicular carcinomas of the 
kidney by definition lack expression of PAX-8 
and thyroglobulin, markers that are expressed 
in thyroid follicular neoplasms [62–66]. They 
variably express CK7 and PAX-2, often express 
vimentin, and typically lack CD10 and RCC an-
tigen [63–66].

Molecular/Genetic Profile

A reliable molecular genetic profile has yet to be 
described for thyroid-like follicular carcinoma of 
the kidney. Jung et al. found by CGH analysis of 
one case multiple genetic alterations, including 
gain of chromosomes 7q36, 8q24, 12, 16, 17p11-
q11, 17q24, 19q, 20q13, 21q22.3, and Xp, and 
losses of chromosomes 1p36, 3, and 9q21-33[62]. 
Another case showed chromosomal losses of 1, 3, 
7, 9p21, 12, 17, and X by FISH [65]. In the study 
by Amin et al., CGH analysis of one case detected 
no abnormalities, and gene expression profiling 
of three cases demonstrated overexpression of 
cell cycle regulatory genes, including the mixed 
lineage leukemia (MLL)/trithorax homolog [63].

Differential Diagnosis

The chief consideration in the differential diag-
nosis of primary thyroid-like follicular carcino-
ma of the kidney is a metastasis from a primary 
thyroid carcinoma. Indeed, this diagnosis should 
only be accepted once metastatic thyroid carci-

noma is ruled out. In most cases of thyroid car-
cinoma metastatic to the kidney reported in the 
literature [67–69], a primary tumor was identi-
fiable in the thyroid gland and metastases were 
widespread. Clinical and radiographic absence of 
a thyroid mass and metastatic disease to other or-
gans, coupled with lack of TTF-1 and thyroglob-
ulin expression in the kidney tumor, allow for the 
exclusion of metastatic thyroid carcinoma.

Metastasis from struma ovarii is at least a 
theoretical, if unlikely, possibility; malignant 
transformation in struma ovarii is a rare event, 
and metastases are typically found in the liver, 
lungs, bones, peritoneum, and omentum [70, 71]. 
Such a tumor would express TTF-1, and could be 
excluded in the absence of an ovarian mass.

In addition, some of the more common sub-
types of renal epithelial neoplasms (e.g., onco-
cytoma, clear cell RCC, PRCC, metanephric ad-
enoma) can occasionally contain dilated tubules 
containing colloid-like material [72, 73]. The 
finding of areas elsewhere in the tumor more 
characteristic of these entities would help estab-
lish the diagnosis.

Prognosis

Although experience is limited given the rarity 
of this tumor, these tumors have largely shown 
indolent behavior, even when metastatic. All of 
the six patients reported by Amin et al. were alive 
and well with a mean follow-up of 47 months, in-
cluding one patient with metastasis to renal hilar 
lymph nodes [63]. The single patient reported by 
Sterlacci et al. was alive 5 years after nephrecto-
my, despite a lung metastasis detected 2 months 
after primary diagnosis [65].

Aggressive behavior with symptomatic, wide-
ly metastatic tumor at presentation has, however, 
been reported. Dhillon et al. [64] report a case in a 
34-year-old woman who presented with intermit-
tent gross hematuria and right flank pain. Com-
puted tomography showed a 6.3 cm right kidney 
mass and multiple bilateral lung nodules. Biopsy 
of a lung mass was consistent with thyroid-like 
follicular carcinoma, and no thyroid nodules 
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were detected by physical examination. After 
receiving systemic therapy for 1 year, she un-
derwent cytoreductive radical nephrectomy and 
retroperitoneal lymph node dissection, revealing 
a primary thyroid-like follicular carcinoma of the 
kidney with metastases to two retroperitoneal 
nodes. Follow-up in this case was limited to 3 
months, at which time the patient was doing well.

An awareness of the spectrum of described renal 
neoplasia provides useful prognostic information 
to patients and may eventually result in therapeu-
tically important distinctions. The number of rec-
ognized renal tumors will undoubtedly increase, as 
there remain tumors that currently defy the classifi-
cation according to established categories.
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Introduction

Renal cell carcinoma (RCC) has traditionally 
been the most lethal of the common urologic 
cancers and now represents about 2–3 % of all 
adult malignancies. In the USA, RCC accounted 
for almost 65,000 new cancer diagnoses in 2012, 
and contributed to approximately 13,570 cancer-
related deaths [1]. The incidence of RCC has 
been gradually increasing over the past several 
years primarily related to more frequent utiliza-
tion of cross-sectional imaging. However, an in-
creased prevalence of hypertension and obesity, 
established risk factors for this cancer, may also 
be contributing to this trend. One recent study 
estimated that as many as 40 % of RCC cases 
in the USA are related to obesity, and reported 
a relative risk of 1.07 for each unit of rising 
body mass index (BMI) [2]. The relationship 
between hypertension and RCC is thought to be 
due to inflammation or metabolic changes in the 
renal tubules that could increase susceptibility to 
carcinogens. The other major risk factor for RCC, 

tobacco use, was recognized several decades ago 
and is still considered by most authorities to be 
the strongest predisposing factor.

RCC is primarily a disease of the elderly 
with peak presentation between 60 and 70 years 
of age, and a male to female predominance of 
approximately 3:2 has been documented in many 
series. Only 2–3 % of cases are believed to be 
familial, with the most common syndrome being 
von Hippel–Lindau (VHL), which is observed 
in 1/36,000 individuals in the general popula-
tion. Other familial RCC syndromes include 
hereditary papillary RCC, hereditary leiomyoma-
tosis and RCC, Birt–Hogg–Dubé, and tuberous 
sclerosis, with most presenting with distinctive 
histologic profiles. However, the vast majority 
of RCC cases are observed on a sporadic basis. 
One additional clinical association is noteworthy, 
namely acquired renal cystic disease in end-stage 
renal failure. A 5–15-fold increased risk of RCC 
is noted in this population, with the risk increas-
ing in proportion to the duration of dialysis or 
other renal replacement therapy. RCC in this 
population is characterized by a distinct subtype, 
acquired cystic disease-associated RCC, as well 
as an increased proportion of papillary histology, 
although even in this setting clear cell histology 
still predominates [3].

Most RCC are unilateral and unifocal and 
most tumors tend to be well encapsulated, but 
tumor morphology can vary considerably, often 
correlating with tumor histology. Bilateral 
involvement can be synchronous or asynchronous  
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and is found in 2–4 % of sporadic RCC, although 
it is considerably more common in patients with 
familial forms of RCC. Overall, multicentricity 
is found in 10–20 % of cases, but is more com-
mon in association with papillary histology and 
familial RCC. Infiltrative growth patterns are 
less common and carry a poor prognosis. These 
findings are typically associated with grade 4 
clear cell tumors, sarcomatoid differentiation, 
or collecting duct or medullary cell histologies. 
Differentiation from poorly differentiated uro-
thelial cell carcinomas, adrenocortical carcino-
mas, sarcomas, lymphoma, or other less common 
infiltrative neoplasms can be challenging in such 
cases.

Prognosis for RCC is determined primar-
ily by stage, grade, and histology, but several 
other factors including tumor size, presence or 
absence of symptoms, performance status, and 
various laboratory values have proven to be 
independent predictive factors in various analy-
ses. Stage migration has occurred over the past 
2–3 decades, with more localized tumors being 
found in the modern era. At present about 60 % 
of patients are diagnosed with localized disease, 
20 % with locally advanced disease, and 20 % 
with metastatic RCC. Corresponding 5-year 
overall survival rates for each of these subgroups 
is approximately 90, 65, and 12 %, respectively. 
Small renal masses (clinically confined and  
≤ 4.0 cm) are now commonly encountered, and 
most series demonstrate that approximately 
20 % of such tumors are benign, 60 % are rela-
tively indolent, and only 20 % harbor poten-
tially aggressive histologic features [4]. Locally 
advanced RCC can extend into the perineph-
ric or sinus fat, adjacent adrenal gland, hilar or 
retroperitoneal lymph nodes, or renal vein or 
inferior vena cava (IVC). Overall, about 10–20 % 
of patients present with lymph node involvement, 
which is rarely curable for RCC. Ten percent 
present with venous extension, which if isolated, 
is potentially curable with a comprehensive 
surgical approach. Despite the introduction 
of molecular targeted agents, metastatic RCC 
remains a lethal disease in the overwhelming 
majority of cases, although a small percentage 
(1–2 %) of patients with limited and resectable 

disease can achieve durable disease-free status, 
and an indolent course is observed in another 
small subgroup of patients.

Clinical Presentation

Approximately 50–60 % of patients with RCC 
are now diagnosed incidentally, typically dur-
ing ultrasonography or computed tomography 
(CT) imaging for the evaluation of unrelated or 
nonspecific complaints (Table 27.1). This repre-
sents a substantial shift from two to three decades 
previously, when most patients presented symp-
tomatically and the prognosis associated with this 
cancer was much more dismal. In that era, many 
patients presented with the “too late triad” of 
gross hematuria, flank pain, and palpable mass. 
One other important symptom that can be associ-
ated with progressive local growth of the cancer 
is lower extremity edema, which is derived from 
obstruction of the IVC by a tumor thrombus. In 
general, the more aggressive variants of RCC are 
more likely to present symptomatically [4].

Patients with advanced RCC can also present 
with symptoms directly related to metastases, 
with bone pain and neurologic symptoms most 
commonly observed. RCC is also noteworthy for 
a wide array of paraneoplastic syndromes, which 
historically were found in about 10 % of cases,  

Table 27.1  Distribution of symptoms at presentation for 
RCC
Asymptomatic (60 %)
Symptomatic (40 %)
Tumor related
Flank pain
Hematuria
Abdominal mass
Lower extremity edema
Metastasis related
Bone pain
Neurologic symptoms
Persistent cough, hemoptysis
Paraneoplastic syndromes (5–10 %)
Hypercalcemia
Hypertension
Polycythemia
Hepatic dysfunction/Stauffer syndrome



34327 Clinical and Management Implications Associated with Histologic Subtypes …

but now are somewhat less common. These 
syndromes can include hypercalcemia related 
to the production of parathyroid hormone like 
peptides, hypertension due to dysregulated pro-
duction of renin, and polycythemia from surplus 
excretion of erythropoietin. These tumors can 
also release a variety of cytokines and inflam-
matory mediators that can lead to constitutional 
symptoms such as fatigue, malaise, and weight 
loss, as well hepatic dysfunction, or Stauffer’s 
syndrome, in which hepatic dysfunction is 
found in the absence of liver metastasis. Hyper-
calcemia is the most common paraneoplastic 
syndrome associated with RCC, and typically 
associated with clear cell RCC. This syndrome 
is managed medically with furosemide-induced 
diuresis and bisphosphonates, occasionally sup-
plemented by corticosteroids and calcitonin. All 
of the other paraneoplastic syndromes associated 
with RCC are managed primarily through surgi-
cal debulking. Virtually, all are associated with 
a poor prognosis, and are most commonly seen 
with the aggressive variants of RCC.

Radiographic Evaluation

Cross-sectional imaging, ideally with a dedicated 
triphasic renal CT scan, plays a primary role in 
the diagnosis of renal masses, and has changed 
the landscape of RCC as outlined above. It 
facilitates proper detection and characterization 
of renal masses, and provides essential informa-
tion for clinical staging and surgical planning. 
In general, any mass that enhances with intrave-
nous (IV) administration of contrast material on 
CT by more than 15 Hounsfield Units should be 
considered RCC until proven otherwise. How-
ever, within this group of enhancing renal tumors 
will be a variety of benign neoplasms includ-
ing oncocytomas and angiomyolipomas. Most 
angiomyolipomas are readily identified due to 
distinctive areas with Housefield units (HU) 
lower than − 20, reflecting high fat content, al-
though about 10 % are fat poor and impossible 
to differentiate from RCC based on imaging 
alone. Avidly enhancing tumors are most com-
monly clear cell RCC, while hypoenhancing 

tumors are more likely to correlate with papillary  
or chromophobe histology [5]. Clear cell RCC 
also associates with necrosis and retroperitoneal 
collateral circulation that can be observed on mag-
netic resonance imaging (MRI). Recent reports 
demonstrate that papillary RCC are typically 
hypointense on T2-weighted imaging, whereas 
clear cell RCC tends to be iso- to hyperintense in 
this phase. Interestingly, oncocytomas often dem-
onstrate strong contrast enhancement, and can be 
very difficult to differentiate from RCC based on 
imaging alone. Other important imaging charac-
teristics such as morphology (well circumscribed 
vs. infiltrative) and focality (bilaterality and mul-
ticentricity) can also provide clues with respect to 
potential histologic subtypes and familial versus 
sporadic etiology, as discussed above.

Renal mass biopsy and molecular imag-
ing have been studied in an attempt to provide 
a more accurate preoperative diagnosis and to 
allow for more rational and intelligent patient 
counseling. The main concern has traditionally 
related to a high incidence of false negative biop-
sies, but this is much less common in the modern 
era, representing < 1 % of cases in most recent 
series [6]. Nevertheless, differentiation between 
oncocytoma and the eosinophilic variants of 
RCC can still be problematic with the limited 
material provided by a biopsy, and the implica-
tions of the diagnosis of “oncocytic neoplasm” 
have not been adequately defined. Most centers 
now pursue renal mass biopsy on a utility-based 
approach, as follows. Young healthy patients 
who are unwilling to accept the uncertainty of 
surveillance even if the biopsy is negative, and 
frail, elderly patients who will be managed con-
servatively even if the biopsy is positive, should 
not be exposed to the risk of renal mass biopsy. 
In contrast, patients who could be considered for 
a variety of treatment modalities ranging from 
surgical excision to active surveillance may ben-
efit from further risk stratification. If the biopsy 
demonstrates a clear cell RCC, surgery would 
be prioritized, while a diagnosis of oncocytoma 
or even “oncocytic neoplasm” would encourage 
a less aggressive approach. Molecular imaging 
with radioactive antibodies to carbonic anhy-
drase IX (CA-IX), which is expressed primarily  
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in clear cell RCC, may play a similar role in the 
future. Renal mass biopsy is also now begin-
ning to play an important role for patients with 
advanced RCC. Clear cell tumors in particular are 
most likely to respond to immunotherapy and tar-
geted agents, which can help guide management 
decisions in this challenging patient population.

Treatment Paradigms

Treatment of RCC has evolved considerably in 
the last decade, and is best discussed based upon 
disease categorization, as outlined in Table 27.2. 
Localized disease includes stages T1-2 tumors 
without nodal involvement and with a nega-
tive metastatic profile. Most smaller tumors 
(≤ 4.0 cm) in this group have limited oncologic 
potential, with 20 % benign, and only 20 % 
harboring potentially aggressive features such as 
high nuclear grade or locally invasive phenotype. 
Most agree now that radical nephrectomy repre-
sents therapeutic overkill for these patients, often 
leading to chronic kidney disease and its poten-
tial adverse sequelae. Partial nephrectomy is con-
sidered the reference standard for this population 
and is typically associated with the local control 
in 98–99 % of cases. Partial nephrectomy should  

always be prioritized when preservation of renal 
function is at a premium and for multicentric and 
familial tumors. Thermal ablation provides local 
control in about 90 % of such patients and often 
can be administered percutaneously thus mini-
mizing potential morbidity. Active surveillance 
should be prioritized for patients with limited life 
expectancy or extensive comorbidities in whom 
the risk of intervention outweighs the oncologic 
risk. Most such tumors grow slowly (about 
3–4 mm/year) and the risk of metastatic spread 
within a few years appears to be low (1–2 %) 
presuming sensible patient selection. However, 
some series contain a subgroup of patients with 
rapidly growing tumors that appear to have more 
aggressive tumor biology, underscoring the im-
portance of patient selection and the potential 
risks of active surveillance. For instance, in the 
Volpe series [6] eight out of 32 masses (25 %) 
doubled in volume within 12 months, and 11  
masses (34 %) reached at threshold of 4 cm 
diameter, most with a rapid doubling time. 
Infiltrative tumors almost always correlate with 
aggressive histologic subtypes and should be 
managed accordingly, even if relatively small. 
Oncologic potential increases in proportion with 
tumor size, and most T2 tumors (> 7.0 cm) are 
best managed with radical nephrectomy unless 
preservation of the renal function is of primary 
importance.

Locally advanced RCC is still primarily a 
surgical disease and complete surgical excision 
should always be prioritized. Careful preop-
erative planning and a comprehensive surgical 
approach are required, often incorporating an 
extensive retroperitoneal lymph node dissection 
and/or IVC thrombectomy. Even with resection 
to R0 status, most such patients are at high risk 
for disease recurrence and adjuvant systemic 
therapy trials, currently utilizing targeted agents, 
should be considered. Neoadjuvant approaches 
using tyrosine kinase inhibitors (TKIs) have 
recently been reported for patients with unresect-
able locally advanced disease related to prox-
imity to vital structures and other complexities. 
These studies have demonstrated downsizing that 
can facilitate surgical resection in some patients, 
but such favorable responses appear to be limited  

Table 27.2  Treatment paradigms for RCC
RCC stage Treatment
Localized 
RCC

Active surveillance
Ablative techniques
Radiofrequency
Cryotherapy
Partial nephrectomy
Radical nephrectomy

Locally 
advanced 
RCC

Radical nephrectomy +/− lymph node 
dissection +/− IVC thrombectomy
Adjuvant targeted therapy

Metastatic 
RCC

Cytoreductive nephrectomy
Metastasectomy with excision of all 
evidence of tumor, if feasible
Immunotherapy with high dose IL-2 (for 
clear cell RCC and good performance 
status)
Targeted therapy

RCC renal cell carcinoma, IVC inferior vena cava, IL-2 
interleukin 2
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to patients with clear cell histology. In a neoad-
juvant sunitinib study, median downsizing for 
patients with clear cell RCC ( n = 22) was 28 %, 
and 59 % were able to proceed with surgical 
resection. In contrast, no substantial responses 
were observed in patients with nonclear cell 
histology ( n = 8), and surgical resection was not 
possible in this subgroup [7]. It is important to 
emphasize that the neoadjuvant approach remains 
investigational.

Targeted therapies have revolutionized the 
management of patients with metastatic RCC, 
but there is still an important role for surgery in 
this challenging patient population. Cytoreduc-
tive nephrectomy was shown to provide a greater 
than 6-month prolongation of survival in phase 
III trials where interferon was the systemic ther-
apy of choice, and most believe that this proce-
dure is still indicated in this era. The precise role 
of debulking nephrectomy for nonclear cell RCC 
is less certain as the clinical trials of debulking 
nephrectomy were limited to the clear cell popu-
lation. The best candidates are patients with lim-
ited metastatic burden, good performance status, 
and reasonable cardiopulmonary status. A small 
proportion, certainly < 5 %, of patients with met-
astatic RCC have solitary or oligometastases and 
can be considered for metastasectomy, which can 
provide durable cancer-free status in about 30 % 
of patients in this fortunate category. Beyond 
this, systemic therapy must be considered [8].

Targeted therapies include bevacizumab 
which sequesters the vascular endothelial growth 
factor (VEGF) ligand, TKIs such as sunitinib, 
sorafenib, pazopanib, and axitinib that target 
the VEGF receptor, and the mammalian target 
of rapamycin (mTOR) inhibitors, temsirolimus, 
and everolimus. These agents provide prolonged 
progression-free survival when compared to pla-
cebo or interferon-alpha, and collectively have 
extended overall survival for metastatic RCC. 
As such, they have displaced immunotherapy for 
the management of patients with metastatic RCC. 
One exception is high dose IL-2, which is still 
the only agent that provides a realistic chance 
(3–5 %) for a durable complete remission. Ideal 
candidates for high dose IL-2 include patients 
with excellent performance status and clear cell 

RCC because the treatment can be rather toxic, 
and responses have been limited almost exclu-
sively to patients with this histologic subtype.

Each targeted agent now has an established 
niche for the management of patients with meta-
static RCC based on randomized, prospective 
clinical trials. For instance, sunitinib, pazopanib 
and a combination of bevacizumab and inter-
feron are now typically chosen for patients with 
treatment-naïve metastatic RCC, while temsiro-
limus is often prioritized for patients with poor 
prognostic features. Axitinib and everolimus are 
positioned for patients who have failed TKIs, 
based upon established treatment algorithms. In 
general, patients with clear cell RCC appear to 
respond best to targeted therapies based upon the 
inherent biology of clear cell RCC which results 
in VEGF overproduction. A reference standard 
for patients with nonclear cell metastatic RCC is 
not established at this point in time, and clinical 
trials are a priority.

Clinical and Management 
Considerations Related  
to Histologic Subtype

Clear Cell RCC

Clear cell is the most common histologic type of 
RCC and its clinical implications are well estab-
lished, to large extent dictated by its distinctive 
tumor biology (Table 27.3). Mutation of the VHL 
tumor suppressor gene is found in over 70–80 % 
of sporadic clear cell RCC, and in 100 % of 
patients with clear cell RCC in the setting of VHL. 
In the latter instance, the mutation is passed on in 
an autosomal dominant manner, while sporadic 
clear cell tumors must acquire these mutations 
spontaneously. Patients with VHL are at risk for 
vascular tumors of the central nervous system 
and retina (hemangioblastomas), as well as ad-
renal gland (pheochromocytoma), in addition to 
the renal tumors. Clear cell RCC in VHL is more 
likely to be early onset and multifocal, and most 
tumors do not acquire a potentially aggressive 
phenotype in VHL until they reach a size of 3 cm 
or larger. Nephron-sparing approaches should  
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be prioritized in VHL, like most of the familial 
RCC syndromes, because of the strength of the 
tumor diathesis, which expresses itself in multi-
centricity and frequent recurrences with time. In 
fact, 50 % of VHL patients will develop RCC at 
some point in time, and approximately 85 % of 
patients managed with partial nephrectomy will 
recur within the same kidney within 10 years of 
follow-up. Due to improvement in the manage-
ment of central nervous system lesions in VHL, 
RCC has become the main cause of death in this 
syndrome. In sporadic RCC, most data indicate a 
strong relationship between tumor size and bio-
logical aggressiveness, but a similar threshold 
value has not been established [9]. For instance, 
for clear cell tumors, each progressive increase 
of 1 cm is associated with a 25 % increased 
incidence of high-grade tumor (i.e., Furhman 
grade 3–4).

Loss of function of the VHL protein is the key 
event in clear cell RCC that leads to increased 
expression of VEGF and other growth factors. 
This in turn contributes to the highly vascular 
nature of these tumors and their enhanced clini-
cal aggressiveness. Correspondingly, clear cell 
RCC tends to be hypervascular on imaging, 
and necrosis and hemorrhage are more com-
mon than with other histologic subtypes of RCC 
(Fig. 27.1a–d). Cystic changes are also more 
common with clear cell RCC, although the fac-
tors contributing to this are not well defined. 
Venous involvement is found most frequently 
in clear cell RCC, with an incidence of approxi-
mately 10 %, and this tumor type is most likely 
to exhibit sarcomatoid differentiation [10]. All 
these factors contribute to a compromised prog-
nosis for clear cell RCC when compared to the 
other common histologic types of RCC, namely 

Table 27.3  Clinicopathological features according to RCC subtype
Clear cell 
carcinoma

Papillary Chromophobe Collecting duct RMC

Incidence 70–80 % 10–15 % 3–5 % < 1 % < 1 %
Origin Proximal tubule Proximal tubule Cortical portion 

collecting duct
Medulla

Familial 
syndrome 
association

VHL Hereditary papillary RCC—
type I

Birt–-Hogg–Dube None None

Hereditary leiomyomatosis 
RCC—type II

Multifocal 10–15 % 30–40 % 10–15 % – –
Necrosis/
hemorrhage

+++ ++ +/− +/− +/−

Venous 
involvement

+++ ++ +/− + /− +/−

Lymph node 
involvement

 ++ +++ + + +

Sarcomatoid 
features

2–5 % – 1 % – –

Metastasis at 
diagnosis

20 % < 5 % Rarely 50 % 80 %

Prognosis Worse than 
papillary or 
chromophobe

According to subtype. 
Papillary type 2 worse

Better prognosis 
than clear cell

Most unfavorable

Type 1 favorable
Imaging 
appearance

Hypervascular Hypovascular Hypovascular Central location, infiltrative, 
hypovascular

Other features Good response to 
targeted therapy

Unlikely to respond to 
targeted therapy

Often large 
tumors yet still 
confined

Responds to chemotherapy 
for urothelial carcinoma

RCC renal cell carcinoma, RMC renal medullary carcinoma, VHL von Hippel–Lindau
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papillary and chromophobe RCC ( p < 0.001 on 
multivariable analysis) [11]. One exception is 
multilocular cystic RCC, which tends to pursue 
a much more indolent course.

Clear cell RCC is also the most likely to me-
tastasize, as this is seen in about 20 % of cases 
at diagnosis, and recurrence after surgery for 
organ confined or locally advanced clear cell 
RCC is also more common than for the other his-
tologic subtypes [12]. Overall, clear cell RCC is 

overrepresented among patients with metastatic 
RCC, accounting for about 90 % of cases. One 
paradox is that clear cell RCC is also the most 
likely to respond to systemic therapies, whether it 
be immunotherapy with high dose IL-2 or target-
ed therapies. In reality, most of the novel systemic 
agents primarily target the VEGF pathway, so it 
should not be too surprising that the current algo-
rithms for the management of metastatic RCC pri-
marily apply to patients with clear cell histology.

Fig. 27.1  Clear cell RCC. a. CT scan showing left upper 
pole hypervascular RCC with necrosis. b. Large varie-
gated yellow-brown tumor that invades into perinephric 
fat and renal sinus fat. c. Tumor cells infiltrating into the 

perinephric fat, confirming pT3. d. High power with clear 
cell morphology. (Courtesy of Dr. Christopher G. Przyby-
cin, Cleveland, OH)
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Given all of these considerations, most believe 
that patients with sporadic clear cell RCC should 
be treated aggressively whenever possible, 
independent of disease category. For patients 
with localized clear cell RCC surgical exci-
sion with partial or radical nephrectomy should 
be prioritized over more conservative options, 
taking patient age, comorbidities, and the level of 
renal function into account. For locally advanced 
clear cell RCC, surgery is prioritized, but enthu-
siasm for neoadjuvant or adjuvant targeted ther-
apy is higher than for other histologic subtypes. 
Similarly for patients with metastatic RCC, an  
aggressive pathway integrating surgery and 

targeted agents is typically pursued, with adjust-
ments made dependent on performance status, 
sites and burden of disease, and other relevant 
factors.

Papillary RCC

Papillary RCC is the second most common his-
tologic subtype of RCC, representing about 
10–15 % of all cases. A unique feature of 
papillary RCC is a predilection for multicen-
tricity, which has been reported in 20–40 % of 
patients (Fig. 27.2a–c). Virtually all data about  

Fig. 27.2  Papillary RCC. a. CT scan shows multiple, 
hypo-enhancing renal tumors. b. Gross appearance 
of three tan, solid, well-demarcated tumors (different 
patient). c. Microscopic appearance of papillary type 1 

demonstrating basophillic, uniform cuboidal cells lining 
complex trabeculae and papillary structures. (Courtesy of 
Dr. Christopher G. Przybycin, Cleveland, OH)
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the incidence and focality of papillary RCC are 
complicated by controversies about small renal 
adenomas, which have traditionally been defined 
as low-grade neoplasms less than 5 mm diameter. 
These lesions typically exhibit papillary architec-
ture and share in common distinctive cytogenetic 
features with papillary RCC, namely trisomy of 
chromosomes 7 and 17. These lesions appear to 
have very limited biological potential and are 
relatively common at autopsy. They are often 
found as satellite lesions associated with papil-
lary RCC and contribute to the increased inci-
dence of multicentricity discussed above.

Most of the older literature about papillary 
RCC referred to what is now considered type 
1 disease, characterized by basophilic cells 
arranged within papillary architecture, and har-
boring limited biological potential. The familial 
form of this neoplasm is hereditary papillary 
RCC syndrome (HPRCC), in which patients 
present with early onset, multifocal papillary 
RCC. This syndrome is somewhat unique in that 
it is typically not associated with major manifes-
tations in other organ systems, unlike the other 
familial forms of RCC. It is caused by mutation 
of the mesenchymal-epithelial transition (MET) 
proto-oncogene, a hepatocyte growth factor re-
ceptor, leading to constitutive activation of the 
pathway. Autosomal dominant inheritance is ob-
served, in common with all of the familial RCC 
syndromes. The renal tumors in HPRCC patients 
are highly penetrant but limited in aggressive-
ness. It is estimated that an HPRCC patient who 
lives to age 80 has a nearly 90 % likelihood of 
developing kidney cancer, and many of these 
patients harbor over 1000 microscopic papillary 
tumors per kidney. The clinical management for 
patients with HPRCC is similar to VHL patients; 
thus, active surveillance is recommended until 
the largest tumor reaches the 3 cm threshold, and 
nephron-sparing approaches should be priori-
tized [13, 14].

MET is only mutated in a minority of patients 
with sporadic type 1 papillary RCC, so other 
genetic alterations must predominate. Neverthe-
less, a favorable prognosis has been reported in 

most studies, even after controlling for confound-
ing factors. Hence, many of these tumors can be 
managed in a conservative manner, particularly 
when small and organ confined. If advanced age 
or major comorbidities are a major concern, ac-
tive surveillance and thermal ablation can be con-
sidered. This subtype of RCC is more commonly 
seen in patients with end-stage renal failure and 
acquired renal cystic disease.

Type 2 papillary RCC is less prevalent and 
characterized by eosinophilic staining and in-
creased nuclear and cytologic variability—most 
are high grade and have increased biological 
aggressiveness. A familial tumor that, before its 
description, was likely diagnosed as type 2 pap-
illary RCC is hereditary leiomyomatosis and 
RCC syndrome (HLRCC), in which patients 
also develop leiomyomas of the skin and uterus 
and leiomyosarcomas of the uterus. Mutation 
of fumarate hydratase is the driver, and most 
patients develop early onset disease, although 
multicentricity appears to be less common in this 
syndrome. Aggressive management is strongly 
advised for patients with type 2 papillary RCC, 
whether sporadic or familial, with either radical 
nephrectomy or partial nephrectomy with wide 
surgical margins. Many of these tumors are in-
filtrative rendering the conservative options less 
appealing. Preservation of renal function is per-
haps not as important in this syndrome, and cer-
tainly must take a back seat when compared to 
oncologic concerns.

There are other important clinical correlates 
for papillary RCC in general that can impact pa-
tient management. For instance, venous involve-
ment appears to be less common for patients with 
papillary RCC than for clear cell RCC; however, 
the prognostic implications are noteworthy. For 
patients with venous involvement in the absence 
of systemic or lymph node metastasis, the 5-year-
cancer-specific survival for patients with papil-
lary RCC in one contemporary series was only 
35 versus 66 % for similar patients with clear cell 
RCC. In contrast, patients with nodal involve-
ment from papillary RCC appear to have a bet-
ter prognosis than similar patients with clear cell 
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RCC. In one recent series, patients with regional 
nodal metastases in the absence of other metasta-
ses had a 5-year-cancer-specific survival of 65 % 
for papillary histology compared to 19 % for 
clear cell histology [15].

Metastatic disease is less common in papillary 
RCC, but response to therapy is suboptimal. In 
the Mayo Clinic series only 4.4 % of the patients 
that developed metastasis from RCC had papil-
lary histology. Choueiri and colleagues reported 
relatively low response rates for 41 patients with 
metastatic papillary RCC when treated with suni-
tinib or sorafenib (only 5 % overall and 17 % in 
the sunitinib treated group). Most studies to date 
concur with this in demonstrating lower response 
rates to targeted agents for papillary RCC when 
compared to clear cell RCC.

Hence, novel approaches are being explored, 
such as the use of foretinib, which targets the 
tyrosine kinase domain of MET as well as 
VEGFR2. A multicenter phase II clinical trial 
of this agent included 74 patients with advanced 
papillary RCC treated with either a continuous or 
discontinuous regimen. The overall response rate 
was 13.5 %, with ten partial responses. However, 
the average response duration was 18.5 months, 
which is encouraging, and the most durable re-
sponses were observed in patients with germ line 
MET mutations suggesting that patient selection 
may be feasible. Other candidate approaches for 
this challenging patient population have included 
carboplatin and taxol, erlotinib, capecitabine, and 
temsirolimus. However, response rates have been 
relatively low, ranging from 1.5 to 26 %, and no 
complete responses have been observed.

Chromophobe RCC

Chromophobe RCC is the third most common 
subtype of RCC, representing 3–5 % of all cases. 
It is estimated that as many as 5–10 % of cases of 
chromophobe RCC may be familial, associated 
with the Birt–Hogg–Dubé syndrome (BHD). In 
addition to early onset, multifocal RCC, these 
patients also develop benign fibrofolliculomas of 
the skin and pulmonary cysts that predispose to 

spontaneous pneumothorax. The product of the 
BHD gene is folliculin, which is mutated or in-
activated in this syndrome. Folliculin interfaces 
with the mTOR pathway, and experiments with 
BHD knockout mice have shown a beneficial 
effect of rapamycin, an mTOR inhibitor. These 
findings provide a rationale for a better response 
to mTOR inhibitors for chromophobe RCC 
patients when compared to patients with papil-
lary RCC, which has been observed in some 
studies, although this is relative, and clear cell tu-
mors respond best. The renal tumors in BHD in-
clude chromophobe RCC but also oncocytomas 
and hybrid tumors with features of each. In addi-
tion, a variety of other RCC subtypes have been 
reported in BHD, making this syndrome some-
what unique. Most of the other familial RCC syn-
dromes present with only one specific subtype of 
RCC, e.g., clear cell for VHL. Renal tumors in 
BHD tend to have limited biological aggressive-
ness and are in general managed similar to those 
in VHL, utilizing the 3 cm rule.

Most sporadic chromophobe tumors tend 
to remain organ confined and have a favorable 
prognosis, despite growth to extreme size in 
some cases (Fig. 27.3a–c). Most are hypoen-
hancing on imaging, and 90 % are unifocal. In 
one recent series, the 5-year-cancer-specific sur-
vival for patients with chromophobe RCC was 
87 % compared to 69 % for patients with clear 
cell RCC [16]. This prognostic advantage for 
chromophobe RCC holds even after confound-
ing factors are taken into account, based upon the 
most robust series in the literature. The exception 
to this rule is the chromophobe tumor with sar-
comatoid differentiation, which is found in up to 
10–15 % of patients in some series. Lymph node 
involvement and distant metastasis from chromo-
phobe RCC are primarily found in this subset of 
patients. Interestingly, liver metastasis appears to 
be more common in these patients than in simi-
lar patients with clear cell RCC. Response of 
patients with metastatic chromophobe RCC to 
targeted agents or immunotherapy remains poor, 
and an aggressive surgical approach to render the 
patient disease-free should be pursued whenever 
feasible [17].
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Collecting Duct RCC

Collecting duct RCC is typically included within 
the list of the most common histologic subtypes 
of RCC, but it is a somewhat rare neoplasm, 
accounting for less than 1 % of all cases of RCC. 
This malignancy has a number of clinical fea-
tures that distinguish it from the more common 
histologies of RCC. Collecting duct generally 
affects younger patients, typically between 30 
and 50 years of age. It originates in the medulla, 
and thus almost all of these tumors are centrally 
located. It is invariably infiltrative and pursues 
an aggressive clinical course with a very unfa-
vorable prognosis (Fig. 27.4). Based on imaging 
and clinical presentation, it can be difficult to dif-

ferentiate from poorly differentiated urothelial 
cell carcinoma, and a variety of other infiltrative 
neoplasms must also be considered in the differ-
ential diagnosis. Most patients with collecting 
duct RCC are symptomatic, with gross hematuria 
being the most common presenting complaint. 
In one large series of 81 patients with collecting 
duct carcinoma, 65 % of patients were symptom-
atic and 32 % had metastases at diagnosis [18, 
19]. Systemic syndromes associated with RCC 
are frequently found in patients with collecting 
duct histology, such as increases in erythrocyte 
sedimentation rate, C-reactive protein, lactate 
dehydrogenase, and alpha2-globulin. In terms 
of systemic treatment, collecting duct typically 
does not respond to immunotherapy or targeted 

Fig. 27.3  Chromophobe RCC. a. CT scan shows a well-
circumscribed, large mass. b. Macroscopic appearance 
with large, tan, noninfiltrative tumor. c. Chromophobe 
RCC containing broad nests of tumor cells with promi-

nent cell membranes, irregular nuclear contours, and peri-
nuclear halos. (Courtesy of Dr. Christopher G. Przybycin, 
Cleveland, OH)
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therapy. In contrast, it is often treated with cispl-
atin-based chemotherapy in a manner similar to 
advanced urothelial cell carcinoma, with which 
it shares a variety of clinical and morphologic 
characteristics and unfortunately shares a gener-
ally unfavorable outcome.

Renal Medullary Carcinoma

Another rare and highly aggressive version of 
RCC is renal medullary carcinoma (RMC), 
which many consider to be a subtype of collect-
ing duct RCC. RMC originates from the renal 
papillae, and is thus centrally located, and it is 
highly infiltrative. It is found almost exclusively 
associated with the sickle cell trait, and thus typi-
cally diagnosed in young African-Americans. It 

is almost always locally advanced and/or meta-
static at presentation. RMC does not respond to 
conventional treatments including targeted treat-
ments, radiotherapy, or immunotherapy. Wide 
surgical excision with extensive lymph node 
dissection is probably the only chance for cure, 
but even with this most patients will develop dis-
seminated disease and die of cancer progression 
within a few to several months. Mean survival 
in Davis and coworkers series of 34 patients was 
only 15 weeks [20].

Sarcomatoid Differentiation

Sarcomatoid differentiation is no longer consid-
ered a distinct subtype of RCC, but its prognos-
tic implications have not changed. Sarcomatoid  

Fig. 27.4  Collecting duct RCC. a. CT scan shows a cen-
trally located, infiltrative left renal tumor. b. Centrally 
located tan, partially sclerotic, and hemorrhagic tumor 
with irregular infiltration into perinephric fat and renal 
sinus fat. c. A high-grade carcinoma growing in irregular 

tubules and papillary structures separated by a desmoplas-
tic stroma with an accompanying inflammatory infiltrate. 
(Courtesy of Dr. Christopher G. Przybycin, Cleveland, 
OH)
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differentiation is most commonly seen in asso-
ciation with clear cell and chromophobe RCC, 
but all of the malignant variants of RCC can 
occasionally degenerate in this manner. Sarco-
matoid differentiation typically correlates with 
an infiltrative morphology, locally advanced and/
or systemic metastases, and a treatment refrac-
tory phenotype. Previous studies have explored 
a potential role for cytotoxic chemotherapy in 
the management of these patients. In a phase 
II study from the Eastern Cooperative Group 
(ECOG 8802), 38 patients with advanced sarco-
matoid RCC were treated with gemcitabine and 
doxorubicin. Median progression-free survival 
and overall survival were 3.5 and 8.8 months, 
respectively, and a 16 % objective response rate 
was observed. Enthusiasm for this approach has 
waned with the introduction of targeted agents 
[21]. Recently, the Cleveland Clinic reported a 
retrospective series of 43 advanced sarcomatoid 
RCC patients treated with TKIs or bevacizum-
ab. Partial responses were seen in 19 % of the 
patients with the majority being in the clear cell 
subgroup [22]. Patients with limited sarcomatoid 
features (< 20 %) appeared to respond better to 
targeted therapy [23].

Oncocytoma

Renal oncocytoma represents about 5–15 % of all 
renal tumors, and presents major challenges in 
that it is extremely difficult to differentiate from 
RCC based on clinical presentation and imaging 
characteristics. Most oncocytomas are discovered 
incidentally, but some are associated with hema-
turia, and considerable overlap in clinical features 
is observed with RCC. The classic imaging char-
acteristics of an oncycotyma, central stellate scar 
on CT and spoke wheel pattern on angiography, 
are neither sensitive nor specific enough for the 
diagnosis, and have been relegated to historical 
interest alone. Differentiation from the eosino-
philic variants of RCC is very difficult on biopsy 
specimens, limiting the utility of this approach, 
although molecular profiling may fundamentally 
alter this perspective in the near future. For the 
present time, oncocytoma is for the most part a 

fortunate postoperative diagnosis, given its uni-
formly benign clinical course, which is observed 
even when locally invasive features such as 
extension into the sinus fat are present [24].

Other Histologic Subtypes of RCC

A wide variety of other rare or emerging sub-
types of RCC have recently been described 
and are reviewed in other chapters. Many have 
distinct clinical/pathologic correlates, such as 
multiloculated cystic RCC and mucinous tubu-
lar and spindle cell carcinoma, which appear to 
have very favorable prognoses. RCC associated 
with Xp11.2 translocations/TFE3 gene fusion 
abnormalities are found mostly in children, and 
represent 40 % of RCC cases found in the pedi-
atric population. Many of these tumors present 
with advanced stage, commonly exhibiting nodal 
involvement, but then follow a relatively indo-
lent course. Comprehensive surgical resection 
including extensive lymph node dissection is 
recommended [25]. Unclassified RCC represents 
1–3 % of all RCC in most series, incorporating 
usually high-grade tumors that do not fit neatly 
into any of the established RCC subtypes and 
in general has a very poor prognosis, consistent 
with its often poorly differentiated and treatment 
refractory phenotype.
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Introduction

Kidney cancer is a heterogeneous tumor entity, 
and renal cell carcinoma (RCC) is the most com-
mon subtype of kidney cancer. Clinical, patho-
logical, molecular, and genetic analyses of the 
last decades have proven that RCC by itself 
comprises additional subcategories all of which 
display their own propensities and clinical out-
come [1]. As a consequence of its heterogeneous 
biology, it has become apparent that not a single 
prognostic factor but multiple factors including 
patient and tumor characteristics need to be ap-
plied to make reliable prognostications.

The clinical course of patients having local-
ized and those with metastatic RCC (mRCC) is 
significantly different. While ~ 80 % of patients 
with localized disease can be cured by surgery 
alone, the vast majority of patients with meta-
static disease will eventually die from RCC. 

Consequently, both RCC subgroups have differ-
ent prognostication systems.

In localized RCC, prognostication is important 
to individualize follow-up protocols. After sur-
gical treatment only a minority of patients with 
non-mRCC will experience disease recurrence 
[2], and thus individualized follow-up is desired, 
particularly for high-risk patients. The assignment 
of patients to adjuvant clinical trials is another im-
portant issue in the management of patients with 
localized disease. For this purpose, the definition 
of high-risk features, which reliably prognosticate 
disease recurrence, is warranted. In addition, the 
increase of RCC incidence is mainly caused by 
localized RCCs and has been paralleled by an in-
crease of surgical treatments [3]. However, this 
current clinical practice has not led to an improve-
ment of the age adjusted mortality of localized 
RCC [4]. Therefore, active surveillance (AS) of 
nonmetastatic small renal masses (SRM) has be-
come a treatment option [5]. One major problem 
for assignment of patients to either surgical treat-
ment or AS is to prognosticate the potential risk 
of metastatic spread, and, therefore, it is currently 
expert consensus that AS is primarily a treatment 
option in selected patients that are at high risk for 
surgical complications [6, 7]. Collectively, prog-
nostication of survival outcome and the risk of 
metastatic spread independent of surgical treat-
ment are of paramount importance in the clinical 
management of localized RCC.

In mRCC, immunotherapy as a first-line treat-
ment has been supplanted by agents that target 
the vascular endothelial growth factor (VEGF) 
and mammalian target of rapamycin (mTOR) 
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 pathways. The change in treatment paradigm has 
challenged the validity of prognostic and predic-
tive factors because most of them were defined 
during the immunotherapy era. Thus, much effort 
has been undertaken to find new markers, improve 
existing ones, and to develop new prognostication 
tools. As a result, new prognostic models have 
successfully been introduced into clinical practice 
[8−13]. The progress in the development of new 
targeted agents is paralleled by an increasing arma-
mentarium of molecular and genetic biomarkers 
which eventually will have the predictive power to 
provide an individualized cancer therapy, to design 
new clinical trials and to inform patients accurately 
on their anticipated course of disease [14].

This chapter describes the current knowledge 
of prognostic factors and models in localized and 
mRCC. An introduction to predictive markers of 
treatment response to targeted therapy agents is 
given although there is currently no established 
marker that predicts treatment response to tar-
geted therapy.

Independent Factors in Survival  
Prognostication and Treatment 
Response Prediction

Definitions of Prognostication  
and Prediction in Oncology

In an effort to develop recommendations for the 
incorporation of biomarkers into clinical trials, a 
biomarker task force was established by the Na-
tional Cancer Institute (NCI) [15]. They recently 
published guidelines and definitions for the fu-
ture of biomarker research. Prognostic factors 
can be grossly subdivided into clinical, patho-
logical/anatomic, molecular, and genetic charac-
teristics. According to the biomarker task force 
guidelines for the development and incorporation 
of biomarker studies in early clinical trials of 
novel agents, the following nomenclature is rec-
ommended to describe properly biomarkers [15]:

• Prognostic factors or prognostic models pro-
vide evidence about the overall disease out-
come independent of any specific intervention.

• Predictive factors/models offer evidence for 
benefit or toxicity of a specific intervention.

• Depending on their quality, markers are valid, 
probably valid, or exploratory.

• Surrogate parameters are variables that are 
strongly correlated with the end point and 
thereby capture clinically relevant events and 
have a clearly defined, easily measurable start 
and finish [15, 16]. An example would be the 
progression-free survival (PFS) which is an 
accepted clinical indicator of overall survival 
(OS) in certain clinical trial settings [16].

The vast majority of biomarkers for RCC are 
currently exploratory because validation of their 
prognostic value is still missing.

Prognostic Factors for Both Localized 
and Metastatic RCC

Patient-related factors like performance status, 
obesity, and symptoms at presentation are prog-
nostically relevant for localized and metastatic 
disease. Performance status, either categorized 
according to the Eastern Cooperative Oncology 
Group performance status (ECOG PS) or accord-
ing to Karnofsky (KPS), has been demonstrated 
to be of incremental prognostic value for RCC 
multiple times in various multivariate analyses 
[9, 17, 18]. The basis for both performance status 
indicators is the evaluation of patients’ functional 
capacity in daily life activities.

Obesity is a risk factor for the development of 
RCC [19]. Obesity is a complex disease which 
is influenced by genetic, nutrition, and lifestyle 
factors. To the contrary, studies have suggested 
that the general nutrition status and obesity are 
predictors of favorable cancer-specific survival 
(CSS) [20, 21]. From a clinical point of view, 
obesity increases risk factors like cardiovascular 
diseases and diabetes mellitus. Furthermore, it is 
known that obesity induces a permanent inflam-
matory state with elevated levels of tumor necro-
sis factor, interleukin (IL)-1, IL-6, IL-1 receptor 
antagonist, and C-reactive protein (CRP) [22]. 
Reactive oxygen species, which are permanently 
increased in obese patients, are able to activate 
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the phosphorinositide-3-kinase-mTOR-pathway 
[23]. Moreover, insulin-resistance and hyperin-
sulinemia are typically associated with obesity, 
and it has been shown that insulin induces can-
cer progression [24]. In the light of this biologi-
cal background, it is currently unknown whether 
obesity is an incremental predictor for improved 
survival outcome. In fact, none of the studies that 
have demonstrated an independent influence of 
body mass index (BMI) and nutrition on CSS 
had adjusted their multivariate analyses for the 
ECOG PS or KPS.

Symptomatic presentation of the disease has 
been reported to be of prognostic value by sev-
eral authors [25, 26]. Patard et al. [26] assigned 
patients to three groups (S1–S3) under consider-
ation of the type of symptoms at presentation. S1 
symptoms were defined as incidentally discov-
ered tumors in any imaging study that was con-
ducted because of symptoms other than the RCC-
related reasons; S2 symptoms were assigned to 
local symptoms such as lumbar pain or isolated 
hematuria; and S3 symptoms were defined as 
systemic symptoms like weight loss, fever, night 
sweat, etc. In survival outcome prognostication, 
the symptom classification discriminates three 
prognostic groups with patients being in group 
S1 to have the best and S3 the worst progno-
sis. However, the allocation of patients either as 
symptomatic or asymptomatic is highly variable 
between study centers. In one study, the range for 
assigning patients as symptomatic at presentation 
varied between study centers from 36.8 to 71 % 
[27]. This raises concern about the objectivity of 
this factor for its inclusion into prognostic mul-
tivariable models. It is also unknown how well 
(i.e., accurately) this system predicts.

Prognostic Factors in Localized RCC

Approximately 20 % of RCC patients will 
 experience disease recurrence after surgical treat-
ment, and the metastatic relapse is the most im-
portant life limiting factor of this patient popu-
lation. Therefore, most prognostic factors are 
assessed for the risk of metastatic relapse after 
 nephrectomy.

In localized RCC, high-risk characteristics 
for disease recurrence like the tumor size, tumor 
growth into the adrenal gland, renal sinus inva-
sion, and perinephric fat invasion are included in 
the T stage. These staging factors are discussed in 
detail in Chaps. 22 and 24 of this book.

It has been recognized that there are other 
histological criteria that are powerful tools to 
prognosticate disease recurrence and survival 
outcome in localized RCC. All RCC subtypes 
have a very heterogeneous biological and clini-
cal behavior. In localized RCC, clear cell RCC 
(ccRCC) has been revealed to be independently 
associated with worse CSS [28]. Additionally, 
other studies that have sought to demonstrate a 
poor prognosis of ccRCC were also mainly com-
prised of localized RCCs [29]. Collectively, it 
can be concluded that the ccRCC subtype may 
be the histological subtype with the worst CSS in 
localized RCC.

In cancer types like testicular cancer, lympho-
microvascular invasion (MVI) is an important 
high-risk feature and is consistently reported by 
pathologists to estimate recurrence and death 
risks [30, 31]. One study has demonstrated that 
MVI occurs in at least one out of five patients in 
RCC and is closely related to CSS and metastatic 
disease [32]. Recently, an international multi-
center study has shown that metastatic relapse 
can occur even after a long time period of ≥ 60 
months [33]. One of the most important predic-
tors of metastatic relapse was MVI of the primary 
localized RCC. However, despite the importance 
of MVI to prognosticate survival and disease re-
currence in RCC, it is still not routinely reported 
by all pathologists worldwide.

Tumor necrosis has frequently been described 
as a prognostic feature of RCC [34, 35]. The im-
portance of its prognostic value has accumulated 
in its integration in several prognostication mod-
els [34, 35]. It is a particularly important prog-
nostic factor in localized RCC [35]. Thus, any 
amount of tumor necrosis should lead to a very 
careful follow-up of patients with primary local-
ized RCC.

RCCs that present with sarcomatoid features 
are considered to have a more aggressive biologi-
cal behavior than other tumors [36].  Sarcomatoid 
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differentiation can be present in all RCC sub-
types and is not a histologic subtype of RCC on 
its own [37]. In localized RCC, the description of 
sarcomatoid features is known to be associated 
with metastatic relapse [38]. The high risk for 
disease recurrence and limited treatment options 
for these tumors underscore the high importance 
of an accurate pathological reporting of sarcoma-
toid features in RCCs.

Prognostic Factors in Metastatic RCC

While in localized RCC many tumor-related fac-
tors are prognostically relevant, patient-related 
factors like the time from diagnosis to treatment 
initiation and serological markers have an impor-
tant prognostic role in mRCC.

Before targeted therapies became standard of 
care, cytoreductive nephrectomies and the time 
from surgery to initiation of a systemic therapy 
were defined as prognostic characteristics. The 
combined analyses of two large clinical trials 
evaluating the influence of cytoreductive ne-
phrectomy on CSS has shown a 31 % risk reduc-
tion for death ( p = 0.002) in patients who had a 
cytoreductive nephrectomy in combination with 
interferon-α (INF-α) immunotherapy [39]. In the 
age of targeted therapies, it is currently unknown 
whether cytoreductive nephrectomy improves the 
OS. Two large trials, the clinical trial to assess the 
importance of nephrectomy (CARMENA) trial 
(NCT00930033) and the European Organisation 
for Research and Treatment of Cancer (EORTC) 
trial (NCT01099423), which address this ques-
tion, are ongoing. Although retrospective studies 
suggested that cytoreductive nephrectomies are 
still an important component of mRCC therapy 
[40], the results of these two prospective random-
ized trials are anxiously awaited.

Pathological changes of blood parameters 
may reflect proinflammatory events, high cell 
turnover or paraneoplastic syndromes. The best 
investigated blood markers for prognostication 
of RCC-survival outcome are elevated levels of 
CRP, alkaline phosphatase (AP), and lactate dehy-
drogenase (LDH), neutrophilia, thrombocytosis, 
and low hemoglobin (Hb) levels.  Thrombocytosis 

is particularly associated with diminished survival 
in mRCC [41]. One study confirmed that high pre-
operative platelet count is an independent prog-
nosticator for survival [42]. Yet the authors were 
not able to show an improvement of prognostic 
models that included tumor-nodes-metastasis 
(TNM) stage, grade, and ECOG PS after inclusion 
of thrombocytosis. However, in prognostication 
of survival outcome of mRCC, thrombocytosis is 
still a central factor [13].

The immune system has a crucial role in the 
pathogenesis of mRCC which is underscored due 
to its responsiveness to immunotherapies in se-
lected patients [43]. All acute phase proteins are 
correlated with survival outcome [44]. Neutro-
phil granulocytes are a major component of the 
inherent immune system and elevated CRP levels 
can reflect an activation of the immune system 
in response to the tumor burden of RCC. Sub-
sequently, it has been reported from multivari-
able examinations that both CRP levels and neu-
trophilia are important independent prognostic 
characteristics that are associated with survival 
outcome in mRCC [9, 45, 46].

Paraneoplastic syndromes caused by RCC can 
induce both hyperchromasia and anemia. Anemia 
is one of the most often observed pathological 
blood abnormalities that are related to RCC. It 
is correlated with diminished survival outcome 
[8]. It has become evident that anemia is a sub-
stantial factor to prognosticate survival outcome 
in mRCC [9, 13]. The levels of LDH, AP, and 
calcium are an expression of a high cell turnover 
in tumor cells and at metastatic sites. LDH is a 
prognostic marker in many types of cancer, for 
example in testicular cancer [30]. In RCC, the 
independent prognostic value of LDH levels has 
been demonstrated in different settings and has 
resulted in its integration into diverse prognostic 
models [12, 47]. Corrected calcium levels greater 
than the upper limit of normal were found to be 
associated with poor prognosis in patients treated 
with immunotherapies [17, 48]. These findings 
have been confirmed in the targeted therapy era, 
and thus high calcium levels continue to be im-
portant prognosticators of survival outcome in 
mRCC [12, 13].
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The survival outcome of metastatic nonclear 
cell RCC (nccRCC) is generally worse compared 
to metastatic ccRCC, which is most likely the 
result of a less effective response to the new tar-
geted agents as compared to ccRCC [49]. How-
ever, not all metastatic nccRCC have a worse sur-
vival outcome than ccRCC. For example, studies 
have shown that metastatic chromophobe RCCs 
have a good prognosis when treated with targeted 
therapies [50]. The recognition of different RCC 
histologies needing individual treatments is the 
first step into the age of individualized cancer 
therapy in mRCC. In order to accurately prog-
nosticate the clinical outcome of mRCC, it will 
be one major challenge to identify the genetic, 
epigenetic, and molecular tumor characteristics 

of each histological subtype in the near future. 
A comprehensive summary on prognostic risk 
 factors is shown in Table 28.1.

Clinical Features to Predict Response  
to Targeted Therapies

In the last 7 years, there has been a fundamen-
tal change in the treatment paradigm of mRCC. 
Therapies targeting key elements of the mTOR 
and VEGF-pathway have become the interna-
tional standard of care [51]. Targeted therapies 
can achieve disease control rates in approximate-
ly 80 % of patients. However, primary response 
and duration of response to targeted therapies 

Table 28.1  Independent clinical and pathological characteristics for survival prognostication
Feature Described association Reference
Tumor-related characteristics
Lymph node involvement (N stage) Survival outcome, RFS Pantuck [74]
Distant metastases (M stage) Survival outcome Zisman et al. [18]
Fuhrman grade Survival outcome, RFS Fuhrman [75]
Tumor size Survival outcome, RFS Frank et al. [58]
Extension into perinephric fat/renal sinus fat Survival outcome, RFS Thompson [76]
Adrenal involvement Survival outcome Thompson et al. [76]
Venous involvement Survival outcome, RFS Martinez-Salamanca [77]
Metastatic burden Survival outcome Flanigan [39], Motzer et al. [48]
Collecting duct invasion RFS Klatte et al. [78]
Micro-vascular invasion Survival outcome, RFS Kroeger et al. [32]
Sarcomatoid features Survival outcome, RFS de Peralta-Venturina et al. [36]
Tumor necrosis Survival outcome Sengupta et al. [79]
Patient-related characteristics
ECOG PS Survival outcome, PFS, RFS Zisman et al. [18]
Karnofsky PS Survival outcome, PFS Heng et al. [13]
Symptoms at presentation (local/systemic) Survival outcome, RFS Patard [80]; Kattan et al. [25]
Nutrition status Survival outcome Morgan et al. [20]
Disease free interval Survival outcome Motzer et al. [48]
Cytoreductive nephrectomy Survival outcome Flanigan and Mickisch et al. [39]
Blood markers
Thrombocytosis Survival outcome Suppiah et al. [41]
Leukocytosis Survival outcome, PFS Choueiri et al. [8, 13]
Hypercalcemia Survival outcome, PFS Motzer et al. [47, 48]
Elevated alkaline phosphatase Survival outcome, PFS Negrier et al. [46]
Elevated CRP Survival outcome, PFS Karakiewicz et al. [45]
Elevated blood sedimentation rate Survival outcome Ljungberg et al. [44]
Elevated lactatdehydrogenase Survival outcome, PFS Motzer et al. [47, 48]
Anemia Survival outcome Heng et al. [13]

ECOG PS Eastern Cooperative Oncology Group performance status, CSS cancer-specific survival, RFS 
recurrence-free survival, PFS progression-free survival, CRP C-reactive protein
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are very heterogeneous even among tumors with 
similar histological subtypes and clinicopatho-
logical features [52]. Biomarkers are urgently 
needed to guide clinicians to choose the most ef-
fective drug for each individual patient. This may 
one day be used to prevent unnecessary toxici-
ties and cost incurred to patients who would not 
benefit from a drug as predicted by a biomarker, 
and instead allow the selection of a more effica-
cious drug with fewer side effects on an individ-
ual level. None of the numerous clinical, genetic, 
tissue and blood markers tested during the past 
years are ready for routine use in clinical prac-
tice. External validation of potential biomarkers 
is still required. The main focus of biomarker 
studies are molecular and genetic features which 
will be discussed in a separate chapter. The fol-
lowing paragraphs will focus on some clinical 
features that may be of predictive value for treat-
ment response to targeted agents.

An interesting clinical biomarker was de-
scribed by Rini et al. who demonstrated that suni-
tinib-induced hypertension is associated with a 
better objective response, PFS, and OS in mRCC. 
Patients with versus without hypertension had 
objective response rates of 54.8 versus 8.7 %, a 
PFS 12.5 versus 2.5 months, and OS of 30.9 ver-
sus 7.2 months [53]. Since the development of 
hypertension was not associated with more major 
adverse events than in patients without hyperten-
sion, it may be useful to guide treatment selection 
in targeted therapies.

The objective of other clinical studies was the 
influence of the body composition on treatment 

response to targeted therapies. A study of 475 pa-
tients demonstrated that a high BMI is correlated 
with improved survival with targeted agents (HR 
0.67; 95 % CI: 0.49–0.91; p = 0.01) [54]. On the 
contrary, two other studies did not find a similar 
association of BMI or body surface area (BSA) 
with favorable response to targeted therapies. 
While one of the studies demonstrated a positive 
impact of high visceral fat area (VFA) and ele-
vated superficial fat area (SFA) on survival, the 
other study found the complete opposite having 
used the same measurement methods [55, 56]. In 
summary, the heterogeneity of these results un-
derscores the importance of external validation.

A recent study of Tran et al. used an interest-
ing 3-step approach for screening, confirmation 
and validation of blood-biomarkers [57]. In their 
screening study, they found a blood marker panel 
comprised of six proteins (IL-6, IL-8, VEGF, Os-
teopontin, E-selectin, HGF), which could predict 
survival and response to pazopanib. In the phase 
II and phase III approval trials of pazopanib, the 
findings from the training set could be externally 
validated (Table 28.2). Although this study was 
well designed and provided external validation 
of preliminary findings, the study did not dem-
onstrate an improvement on existing prognostic 
models. Once more, the approach of Tran et al. 
underscores that survival outcome and treatment 
response are influenced by a variety of clinical 
and biological processes, and thus prediction 
models must include a marker panel rather than 
one single predictive factor.

Table 28.2  Clinical markers for response to targeted therapies prediction
Clinical markers Predictive end point Reference
BMI, BSA Response to TT Choueiri et al. [54]
Hypertension Response to sunitinib Rini et al. [53]
Blood markers Predictive end point Reference
sVEGF and sVEGFR OS with bevacizumab, PFS and ORR 

with sunitinib
Escudier [81], Rini et al. [82]

High IL-6; IL-8, VEGF, osteopontin, 
E-selectin, HGF

Tumor shrinkage, PFS with 
pazopanib

Tran et al. [57]

Signature of VEGF, CA-IX, collagen 
IV, VEGFR-2, TRAIL

PFS with sorafenib Zurita et al. [83]

VEGF vascular endothelial growth factor, VEGFR vascular endothelial growth factor receptor, IL interleukin, HGF 
hepatocyte growth factor, CA-IX carbonic anhydrase IX,PFS progression-free survival, OS overall survival, ORR 
objective response rate, TT targeted therapy



36128 Independent Predictors of Clinical Outcomes and Prediction Models for Renal Tumor Pathology

Integration of Single Factors  
into Multivariable Prognostic  
and Predictive Models

During the last decade, several prognostication 
systems have combined prognostic factors. These 
models were developed to improve prognostica-
tion of recurrence-free survival (RFS) and CSS 
before or after nephrectomy. While some models 
were exclusively designed to improve prognos-
tication of patients with localized RCCs, others 
focused on mRCC or both. There is currently no 
reliable model that is particularly able to predict 
treatment response to targeted therapies.

Multivariable Models for Localized  
and Metastatic RCC

Other models were established for all Union for 
International Cancer Control (UICC)/Ameri-
can Joint Committee on Cancer (AJCC) stages 
of patients independent of the RCC subtype. 
The most studied models are the University of 
California Los Angeles integrated staging system 
(UISS) and the Mayo Clinic tumor stage, tumor 
size, tumor grade, and necrosis (SSIGN) model 
[18, 58]. Both the UISS [59, 60] and the SSIGN 
[59] were extensively validated in numerous 
studies. While the UISS has the advantage that 
it is simple to use because it integrates standard 
clinicopathological variables such as the TNM 
stage, Fuhrman grade, and ECOG PS, the SSIGN 
model has reached higher accuracies in valida-
tion studies [59]. Collectively, both models have 
proven their applicability in clinical practice and 
represent useful tools in RCC survival prognos-
tication.

Another model of Karakiewicz et al. has 
reached concordance indices of 88–89 % in the 
development and validation cohorts, respec-
tively, and they presented the highest accura-
cies for postoperative survival prognostication. 
The model includes TNM stage, Fuhrman grade, 
tumor size, and symptoms at presentation as in-
dividual prognostic factors [61]. The practicabil-
ity of this model has to be evaluated in clinical 
practice.

Patients want to be informed about their prog-
nosis before treatment decisions are made. Ka-
rackiewicz et al. also developed a model for this 
purpose [62]. The training cohort and validation 
were comprised of 2474 and 1972 patients and 
included metastatic and nonmetastatic patients. 
It has reached impressive concordance indices of 
86.8 % at 5 years, and 84.2 % at 10 years. Thus, 
this model may present a useful tool to inform 
patients and their families about their estimated 
prognosis before invasive treatments are done.

Multivariable Prognostic Models  
in Localized RCC
Currently, SRM (tumors < 4.0 cm) comprise the 
majority of renal lesions. It has been recognized 
that between 20 and 30 % of them are benign tu-
mors. Moreover, approximately 75–80 % of the 
malignant SRM are indolent and do not behave 
aggressively in terms of tumor progression and 
development of metastatic disease [7, 63]. On 
the other hand, there is a chance that patients 
having undergone partial or radical nephrecto-
my will develop chronic kidney disease (CKD) 
of  < 60 mL/min per 1.72 m2 in 20 and 65 % of 
cases, respectively, after 3 years [32]. Further-
more, renal insufficiency of > 45 mL/min and 
< 60 mL/min is associated with 20 % increased 
risk of death [64]. Therefore, it has been ques-
tioned if the majority of SRMs is overtreated by 
surgery, causing harm to patients due to the de-
velopment of CKD. Therefore, physicians have 
to face two major problems: first, to prognos-
ticate the chance of having a malignant lesion, 
and second, to prognosticate the likelihood that 
localized RCC develops metastatic disease with 
or without surgery. For these two purposes pre-
operative and postoperative prognostic models 
were established.

Preoperative Prognostication of 
Recurrence, Cancer-Specific Survival 
and Prediction of Tumor-Biology

In an effort to preoperatively distinguish benign 
versus malignant and indolent versus potentially 
aggressive lesions in RCC < 7.0 cm, Lane et al. 
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from the Cleveland clinic constructed two nomo-
grams from 862 patients [63]. They used clinical 
presentation, age, gender, smoking history, and 
tumor size as components for these nomograms. 
They reported concordance indices of 0.64 and 
0.56 for malignancy and aggressiveness predic-
tion, respectively. Clearly, the effort to predict 
these two end points preoperatively has to be 
acknowledged, but these two nomograms need 
further improvement, e.g., by adding new radio-
logical markers, biopsy results, and genetic serum 
markers. Another preclinical model including gen-
der, mode of presentation, necrosis, lymphadenop-
athy, and tumor size by imaging of Raj et al. from 
the Cleveland clinic was developed based on data 
of two high-volume centers. The resulting nomo-
gram reached a concordance index of 80 %. In the 
same cohort, the TNM classification alone had a 
concordance index of just 71 % (Fig. 28.1) [65].

Two other models from the group of Karack-
iewicz et al. using preoperative data were devel-
oped and validated in order to prognosticate the 
likelihood of lymph node and distant metastases at 
nephrectomy [66, 67]. The reported  concordance 

indices were 85.2 % for distant metastases and 
78.4 % for lymph node metastases. The only 
variables in both nomograms were symptoms at 
diagnosis and tumor size. The prognostication of 
the likelihood for metastatic disease was based 
on patient data with synchronous metastases. It 
is currently uncertain whether tumors present-
ing with synchronous metastases share the same 
biological characteristics as tumors developing 
metastatic disease several years after surgery.

Kutikov et al. from Fox Chase Cancer Center 
recently reported an interesting comprehensive 
approach to estimate the risk for kidney cancer 
death, other cancer death, and noncancer related 
death under consideration of other mortality risk 
factors [68]. In a patient cohort of 30,801 patients 
with localized RCC, the 5-year probability for 
risk of death from RCC, other cancers, and non-
cancer mortality were 4, 7, and 11 %, respectively 
(Fig. 28.2a, b). With regard to AS strategies, the 
approach of Kutikov et al. is important because 
it underscores the central role of individualized 
treatment decisions under consideration of other 
morbidities, gender, race, and age (Fig. 28.2a, b).
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Fig. 28.1  Preoperative prognostic model of Raj et al. [65] 
predicts the likelihood of postoperative metastatic recur-
rence. Metastatic recurrence developed in 340/2517 pa-
tients with a median follow-up of 4.7 years for patients with 

recurrence. The nomogram predicts the 12-year probabil-
ity of metastatic relapse with a concordance index of 0.80 
while the TNM classification alone reached only a concor-
dance index of 0.71. (Used with permission from [65])
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All preoperative nomograms currently avail-
able were developed based on patient cohorts 
who were treated by radical or partial nephrec-
tomy. In the future, it will be one major challenge 
to integrate clinical, histological, molecular, and 
genetic features of prospectively collected data 
of patients managed with AS. A comprehensive 
overview on preoperative prognostic models in 
localized RCC is given in Table 28.3.

Recurrence-Free Survival and Cancer-
Specific Survival after Nephrectomy

It is important to individualize follow-up proto-
cols and to assign patients at high risk for disease 
recurrence to clinical trials for adjuvant therapies 
after surgical treatment of non-mRCC. Several 
models address this issue (Table 28.3). Most of 
them are currently based on clinicopathological 
features only, without consideration of molecular 

Table 28.3  Prognostic models in localized RCCs
Preoperative models
Patient number(Test 
set; validation cohort)

Endpoint Follow-up Concordance index Reference(year)

296 Recurrence after 
surgery

48 months (5–129) 65.1 % Yaycioglu (2001) [84]

660 Recurrence after 
surgery

42 months (2–180) 67.2 % Cindolo (2003) [85]

851 Malignancy and 
tumor aggressiveness

1.4 years 64.4 % (malig-
nancy); 55.7 % 
(aggressiveness)

Lane (2007) [63]

2522; 2136 Lymph node metasta-
ses at surgery

n.r. 78.8 % Hutterer (2007) [67]

2517 Recurrence after 
surgery

4.7 years (patients 
without evidence 
of metastatic 
recurrence)

80 % Raj (2008) [65]

2660; 2716 Visceral metastases at 
surgery

n.r. 85 % Hutterer (2008) [66]

30801 CSS, OC, NCS 3.8 years (0–203 
months)

n.r. Kutikov (2010) [68]

Postoperative models
601 RFS 40 months (patients 

without evidence 
of metastatic 
recurrence)

74.0 % Kattan (2001) [25]

1864 RFS to abdominal, 
thoracic, and bone 
metastases

6.4 years
(0.1–31)

80.5 % (abdominal), 
82.6 % (thoracic), 
80.0 %(bone)

Frank (2003) [69]

1671 RFS 5.4 years
(0–31 years)

81.9 % Leibovich(2003) [35]

701 RFS 32 months (patients 
without evidence 
of metastatic 
recurrence)

82.0 % Sorbellini (2005) [70]

559 RFS solitary, chest, 
abdominal, bone, 
brain recurrence

26 months n.r. Lam (2005) [86]

170 RFS 7.1 years (0.1–16.9) 90.4 % Klatte (2009) [71]
RFS recurrence-free survival, n.r. not reported, CSS cancer-specific survival, OS overall survival, NCS non-kidney 
cancer survival
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or genetic markers. The Leibovich prognostic 
score from the Mayo Clinic is probably the most 
often applied prognostic model for localized 
ccRCC [35]. The model separates three groups 
with high, intermediate, and low risk for meta-
static relapse after nephrectomy by integrating 
tumor stage, regional lymph node status, tumor 
size, nuclear grade, and histologic tumor necro-
sis into a prognostic risk score. Another model 
of the same institution was constructed with 11 
clinicopathological characteristics in order to 
prognosticate recurrence in specific organ sites. 
The authors reported excellent concordance indi-
ces of 80.5, 82.6, and 80.8 % for the prediction 
of abdominal, thoracic, and bone metastases, 
 respectively [69]. While these are reasonable 
concordance indices, there is the question about 
the practicability of this model in clinical practice 
since so many variables are necessary for prog-
nostication.

A fundamentally simpler nomogram was pre-
sented by Sorbellini et al. [70] from the Memo-
rial Sloan Kettering Cancer Center (MSKCC). 
This nomogram reached a concordance index of 
82.0 % and is based on tumor size, T stage, grade, 
necrosis, MVI, and presentation of symptoms. 
The sorbellini nomogram was externally validat-
ed in opposite to many other nomograms.

In a proof of principle study Klatte et al. pre-
sented a nomogram which combines clinico-
pathological features and histological markers in 
order to predict RFS in primary localized RCCs 
(Fig. 28.2a, b) [71]. The nomogram reached an 
impressive concordance index of 90.4 %. The 
model included T stage, ECOG PS, and five 
histological markers (Ki-67, p53, endothelial 
VEGFR-1, epithelial VEGFR-1, and epithelial 
VEGF-D). While Ki-67 and expression of p53 
are routinely evaluable markers, distinguishing 
between epithelial and endothelial VEGF and 
VEGF-R expression may be challenging in real 
life practice. However, in biomarker research, it 
is important to rigorously integrate new biomark-
ers into existing prognostic tools and to demon-
strate the advantages of these markers in order to 
improve the current practice of prognostication 
[72]. This model has to be externally validated 
before it can be used in clinical practice.

Multivariable Prognostication  
in Metastatic RCC in the Age  
of Targeted Therapies
Prognostication of survival outcome in mRCC 
is closely related to the medical treatment of 
mRCC. As a result of the treatment with targeted 
agents, median life expectancies of RCC patients 
have dramatically increased [9, 13]. There are 
currently at least five prognostic models that 
were generated in patients treated with targeted 
therapies [8, 10−13]. The MSKCC or Motzer-
criteria comprised of Hb < LLN, LDH > ULN, 
calcium > ULN, time from diagnosis to treat-
ment > 1 year, and KPS < 80. The Motzer criteria 
were the standard prognostic tool before targeted 
agents were introduced into clinical practice. 
It has proven to have a concordance index of 
65.7 % in patients treated with VEGF-inhibitor 
therapies [9].

Most models derived in the targeted therapy 
era are based on the MSKCC criteria. The Inter-
national mRCC Database Consortium (IMDC) or 
Heng model has been increasingly used in new 
clinical trials [73]. It separates favorable, inter-
mediate, and poor prognosis patients (Fig. 28.3), 
and is based on four of five prognostic MSKCC 
factors (low hemoglobin, corrected calcium, 
ECOG PS, and time period from diagnosis to 
treatment). Additionally, the IMDC prognostic 
model includes platelet count and absolute neu-
trophil count [9, 13]. The median survival in 
the favorable, intermediate, and poor prognosis 
groups are more than 3 years, 26 months, and 9 
months, respectively. For comparison, in patients 
treated with immunotherapies, the median OS 
was 20, 10, and 4 months in the favorable, inter-
mediate, and poor prognosis groups, respectively 
[48]. In the training set, the IMDC model has 
reached a concordance index of 73 % [13]. The 
external validation study revealed a concordance 
of 71 % when using all six criteria and 66.4 % 
when collapsing into three risk groups. The 
model was more accurately able to reclassify pa-
tients by net reclassification improvement com-
pared to other prognostic models [9]. The IMDC 
was developed independently from the histologi-
cal RCC subtype and the type of VEGF targeted 
therapy used. Other models focused on a specific 
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type of antiangiogenic therapy such as sunitinib-
treated patients only [10−12]. The advantage of 
the IMDC model is its generalizability, and there-
fore recently reported clinical trials preferred to 
use this model [73]. There is currently no model 
that could predict survival outcome specifically 
for RCC subtypes such as papillary and chromo-
phobe RCC when treated with targeted therapy. 
Current investigations evaluate the prognostic 
applicability of the IMDC prognostic model in 
the group of nccRCC patients.

The IMDC prognostic model was developed 
to prognosticate the OS in patients with anti-
VEGF therapies. PFS is another important clini-
cal parameter [16]. Recently, the MSKCC group 
has published a model to prognosticate PFS 

that consists of ECOG PS, prior nephrectomy, 
LDH level, platelet count, and more than two 
metastatic sites in treatment naïve patients [12]. 
Additionally, the same study reported a prog-
nostic model that included ECOG PS, time from 
nephrectomy to treatment, LDH level, corrected 
serum calcium, low hemoglobin levels, and bone 
metastases for prognostication of the OS. This 
model needs to be externally validated before it 
can be introduced into clinical practice. Unfortu-
nately, the authors did not report a concordance 
index. Table 28.4 displays an overview of prog-
nostic models separated by treatment approaches 
( immunotherapy vs. targeted therapies).

See Table 28.5 for prognostic models in all 
UICC stages.
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Fig. 28.3  The IMDC (Heng risk criteria) [13] include 
patient related (time from diagnosis to treatment < 1 year, 
Karnofsky performance status < 80) and blood markers 
(calcium levels > ULN, Hb < LLN, neutrophilia, throm-
bocytosis) and segregates mRCC patients into three risk 

groups with low-, intermediate-, and high-risk for death. 
The nomogram prognosticates OS in the era of targeted 
therapies and has reached a concordance index of 0.73 
and 0.66 in the development and validation cohorts,  
respectively. (Used with permission from [13])
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Table 28.5  Prognostic models in all UICC stages
Prognostic models  
of all tumor stages
patient numbers

Prognostic end point Follow-up Concordance index 
(%)

Reference

661 Survival outcome 37 months 82–86 Zisman (2001) [18]
1801 Survival outcome 9.7 (0.1–31) 85 Frank (2002) [58]
318 Survival outcome 28 months (55 months 

(survivors))
79 Kim (2004) [92]

2530; 1422 Survival outcome 38.8 months (0.1–286) 88–89 Karakiewicz [61]
2530; 3560 Survival outcome 4.2 years (0.1–23.8); 2.7 

(0.1–24.9)
87–91 Karakiewicz [93]

818 Survival outcome 73 Parker [94]

Table 28.4  Prognostic models in metastatic RCCs
mRCC models
(developed in 
patients treated with 
immunotherapies)
patient numbers

Prognostic end point Treatment Concordance index Reference

610 OS/CSS Nephrectomy, 
hormones, radiation, 
chemotherapies

n.r. Elson (1988) [87]

670 OS Nephrectomy n.r. Motzer (1999) [48]
463 OS Nephrectomy/IFN n.r. Motzer (2002) [17]
251 OS Nephrectomy and 

first-line IFN
n.r. Motzer (2004) [88]

782 OS, PFS, efficacy Cytokine 
immunotherapies

n.r. Négrier (2002) [46]

173 OS Nephrectomy/IL-2 n.r. Leibovich (2003) [89]
727 OS Nephrectomy 

(ccRCC only)
67 % Leibovich (2005) [90]

352 OS IFN and IL-2 based 
immunotherapies

n.r. Mekhail (2005) [91]

mRCC models
( developed in 
patients treated with 
targeted therapies)
patient numbers

Prognostic end point Treatment Concordance index Reference

120 OS VEGF inhibitors n.r. Choueiri (2007) [8]
375 OS Sunitinib 63 % Motzer (2008) [11]
628; 1028 OS VEGF inhibitors 73 %; 66.5 % Heng (2009;2011) 

[9, 13]
628 PFS Bevacizumab 71–75 % Karakiewicz (2011) 

[10]
375 PFS; OS Sunitinib vs. IFN n.r. Patil (2011) [12]

mRCC metastatic renal cell carcinoma, RFS recurrence-free survival, n.r. not reported, OS overall survival, PFS pro-
gression-free survival, CSS cancer-specific survival, IFN interferon, IL interleukin, VEGF vascular endothelial growth 
factor, ccRRC clear cell renal cell carcinoma
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Summary

A plethora of prognostic and predictive markers 
were examined for their independent prognos-
tic association with clinical outcome during the 
last decade. In the coming years, the biomarker 
 panels will be added to validated prognostic 
models, such as the UISS or the IMDC prognos-
tic model to further increase prognostic accuracy. 
These biomarkers will need to have reproducible 
assays, an assessment of inter- and intrapatient 
variability in order to obtain reference thresholds, 
and most importantly external validation [14].
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 Introduction

Renal cell carcinoma (RCC) affects more than 
58,000 individuals per year in the USA and is re-
sponsible for close to 14,000 annual deaths. Kid-
ney cancer has been increasing in recent years, 
probably due to the intensified use of better im-
aging techniques. Unfortunately, early detection 
of these tumors is difficult because there are no 
reliable screening tests. Known risk factors in-
clude tobacco use, hypertension, and use of cer-
tain pain medications such as Phenacetin.

While the vast majority of renal tumors occur 
sporadically, about 5–8 % are found in associa-
tion with syndromes of a heritable nature. Iden-
tification of the genes involved in the hereditary 
forms of RCC and understanding of the heredi-
tary syndromes have provided significant infor-
mation about the genes involved in the common 
or sporadic (nonhereditary) forms of the disease. 
Recognition of renal cancer in hereditary syn-
dromes is important both clinically and scien-
tifically because it is now recognized that kidney 
tumors may occur in familial settings more fre-
quently than previously contemplated. Recog-
nition and diagnosis of these tumors is not only 
important to establish appropriate diagnosis and 
therapy but also for early detection as well as for 
genetic counseling of family members.

Kidney cancer comprises several histologic 
subtypes, and some of the hereditary types have 
specific morphological characteristics that cor-
respond to specific molecular and genetic hall-
marks, supporting their classification as distinct 
entities.

Many hereditary syndromes have been as-
sociated with renal tumors. The most common 
 include:

• Von Hippel–Lindau (VHL)
• Hereditary papillary renal carcinoma (HPRC)
• Birt–Hogg–Dube (BHD)
• Hereditary leiomyomatosis and renal cell car-

cinoma (HLRCC)
• Succinate dehydrogenase subunit B (SDHB) 

deficiency-associated kidney tumors
• Tuberous sclerosis
• Cowden syndrome
• Familial oncocytoma
• Other renal familial syndromes with unknown 

genetic mutations that are under investigation

Clinically, hereditary tumors are more likely to 
be multifocal and bilateral and with early or in-
cipient lesions scattered throughout the adjacent 
renal parenchyma. The most common and per-
haps better understood form of hereditary kidney 
cancer is VHL syndrome, which is associated 
with clear cell RCC (~ 75 %). Next in frequency 
is HPRC syndrome (~ 10 %), followed by BHD 
syndrome and tuberous sclerosis. Kidney cancer 
associated with SDHB deficiency is rare and the 
incidence of familial renal oncocytoma is not 
known.
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Von Hippel–Lindau Syndrome

VHL syndrome is an inherited autosomal domi-
nant disorder with an estimated incidence of 1 in 
36,000 individuals. The term VHL syndrome was 
coined in 1964 by Melmon and Rosen, who de-
scribed a large VHL family and codified the term 
“von Hippel–Lindau.”

Mutations in the VHL gene cause VHL syn-
drome [1]. The VHL gene is a tumor suppres-
sor gene that controls cell division and growth. 
Mutations in this gene prevent production of the 
VHL protein, which normally targets for deg-
radation of another protein known as hypoxia-
inducible factor-1 (HIF1)-α. Lack of regulation 
of HIF1-α results in the activation of a number 
of genes involved in glucose uptake and metabo-
lism as well as angiogenesis, leading to the de-
velopment of tumors. The VHL gene is known to 
be located in 3p25-p26, but changes have been 
reported in 5q21 +(70 %) and 14q − (41 %). The 
nondeleted allele of the VHL gene shows somatic 
mutations or hypermethylation-induced inactiva-
tion in 80 % of cases.

Individuals affected with VHL are at risk to 
develop tumors in a number of organs [2]. The 
most frequent clinical manifestations are:

• Bilateral, multifocal clear cell renal carcinomas
• Central nervous system (CNS) hemangioblas-

tomas (cerebellum, spine)
• Pancreatic neuroendocrine tumors
• Pheochromocytomas (PCCs)
• Retinal angiomas
• Endolymphatic sac tumors
• Epididymal papillary cystadenomas

Renal Cell Carcinoma Associated  
with VHL

Renal tumors identified in VHL patients are fre-
quently bilateral and multifocal.

Grossly the tumors vary in size (frequently 
1–2 cm), and have a characteristic yellow color 
with areas of hemorrhage. Morphologically, 
the tumor cells are arranged in solid, tubular, 
and rarely papillary patterns. They have abun-

dant clear cytoplasm, uniform low grade nuclei 
and inconspicuous or invisible nucleoli at 100x. 
(Fig. 29.1). Most of the VHL-related cancers are 
Furhman nuclear grade 2, especially if the tumor 
size is 1–3 cm. As the size of the tumor increases, 
it is not infrequent to find higher nuclear grade 
as well as eosinophilic changes in the cytoplasm.

Cysts are a common element of VHL. They 
vary in size, and may be lined by rows of clear 
cells that can have proliferative and papillary 
growths protruding to the lumen of the cyst. 
(Fig. 29.2). Not infrequently, the cysts may be 
associated with areas of prominent fibrosis in 
which nests of clear cells are trapped.

The adjacent renal parenchyma may show 
small clusters of clear cells that probably rep-
resent the beginning of new lesions. Molecular 
studies have shown that these smaller lesions 

Fig. 29.2  Simple renal cyst with focal papillary forma-
tion. H & E × 100

 

Fig. 29.1  Clear cell RCC, ISUP grade 2. H & E × 100
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 already share similar molecular alterations to the 
larger tumors.

Treatment of most cases of VHL is surgical, 
aimed to remove as many tumors as possible 
before they reach a large size. Metastases in 
these patients generally occur when tumors are 
larger than 3 cm. Patients may have long surviv-
als (10–20 years) but metastasis can develop in 
lung, bone, retroperitoneum, pancreas, and brain. 
 Patients with VHL-associated renal tumors have 
a better prognosis and longer survivals than those 
with sporadic RCC. Long-term follow-up of pa-
tients with VHL as well as screening of family 
members is necessary, even if they are children.

Hereditary Papillary RCC

Hereditary papillary renal cell carcinoma 
(HPRCC) is an autosomal dominant disease 
with reduced penetrance, characterized by the 
development of multifocal papillary type I renal 
cell tumors. Since the original description of the 
entity by Zbar in 1994 [3], HPRCC has been 
recognized and established as a new hereditary 
 syndrome.

The disease is caused by mutations in the 
 tyrosine-kinase domain of the c-MET proto-
oncogene on 7q34 [4]. Activation of the c-Met/
hepatocyte growth factor (HGF) signaling path-
ways is known to be involved in many functions 
such as cell motility, differentiation, cell prolifer-
ation, and invasion [5]. Trisomy of chromosome 
7 is thought to be the initiating event along with 
the loss of a sex chromosome. It is estimated that 
approximately half the members of affected fam-
ilies will develop tumors by the age of 50 years. 
Clinically and radiographically, the manifesta-
tions are similar to those of VHL, that is, patients 
present with bilateral and multifocal tumors.

Pathology

Grossly the renal tumors are multifocal and of 
variable sizes. Unlike VHL, simple cysts are not 
identified in this syndrome, although some of 
the tumors may have a cystic appearance. The 

 adjacent renal parenchyma may show smaller 
lesions, adenomas, and incipient microscopic le-
sions that probably represent new tumors.

Morphologically, HPRCC tumors show a 
papillary, tubulopapillary or solid architecture. A 
fibrous pseudocapsule may surround the tumor 
nodules (Fig. 29.3). The papillae are short and 
thin with fibrovascular cores lined by neoplas-
tic cells. These cells have regular small nucleoli 
with scant amounts of amphophilic cytoplasm. 
The centers of the papillae are frequently filled 
by collections of macrophages. In the solid areas, 
complex papillae may form structures resem-
bling glomeruloid bodies. Marked nuclear atypia 
and mitotic figures are usually rare. However, 
cases with large tumors associated with areas 
of hemorrhage and necrosis have been reported. 
These tumors follow a more aggressive course 
and have a tendency to metastasize to lymph 
nodes and lung. Early or incipient lesions can 
be found scattered throughout the adjacent renal 
parenchyma and may have a papillary, solid, or 
tubular  appearance (Fig. 29.4) [6].

Areas of clear cell differentiation have been 
described in HPRCC tumors but they occur pre-
dominantly as changes in the cells bordering the 
papillae which become larger and similar to the 
cells seen in clear cell tumors.

HPRCC tumors stain strongly positive for 
CK7, and are negative for CK20 and Wilm’s 
tumor protein 1 (WT1). Treatment of patients 

Fig. 29.3  Papillary RCC type I. Notice the pseudocap-
sule around the tumor and the papillary configuration.  
× 100 H & E I. H & E × 100
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with HPRCC is similar to VHL consisting of 
tumor excisions and long-term follow-up. These 
tumors have metastatic potential, primarily to 
lymph nodes and lungs. When they occur, the 
metastases are morphologically similar to the 
primary tumors. Targeted therapies have shown 
promising results in the treatment of patients 
with metastatic disease.

Birt–Hogg–Dubé Syndrome

In 1977, Drs. Birt, Hogg, and Dubé described a 
familial syndrome characterized by a predispo-
sition to develop multiple small papules on the 
face and neck [7]. These papules are benign tu-
mors of the hair follicles (fibrofolliculomas). The 
syndrome has since been redefined, and it is now 
known that BHD is an autosomal dominant geno-
dermatosis that predisposes to the development 
of skin fibrofolliculomas as well as spontaneous 
pneumothorax, lung cysts and renal neoplasms 
[8]. It is believed that approximately 15–35 % 

of affected BHD individuals will develop renal 
tumors, that are morphologically distinct from 
those occurring in other hereditary syndromes 
[9].

Clinically, the disease presents with bilateral 
and multifocal tumors, with a median age of di-
agnosis of 48 years and a male to female ratio of 
2.5:1. Approximately 30 % of the patients present 
with history of spontaneous pneumothorax and 
most of these cases have associated lung cysts 
that are more often found in the lower lobes of 
the lungs.

BHD patients are at risk to develop chromo-
phobe RCC, oncocytomas, and hybrid tumors. 
Hybrid tumors and chromophobe RCC are the 
predominant types. Clear cell RCC can occur as 
well, but it is uncommon. The size of tumors at 
presentation is variable. The hybrid tumors aver-
age 2.2 cm, the chromophobe RCCs 3.0 cm, and 
the clear cell RCCs 4.7 cm in diameter. Morpho-
logically, hybrid tumors are characterized by the 
presence of oncocytoma-like cells and chromo-
phobe cells with granular eosinophilic cytoplasm 
and small regular pyknotic nuclei surrounded by 
characteristic perinuclear halos and well-defined 
cell borders. Cells with clear/pale cytoplasm and 
crisp borders may be present. Typically, hybrid 
tumors exhibit nests with an admixture of all 
these types of cells. These tumors are not en-
capsulated, blend regularly with the adjacent pa-
renchyma, and may have a central myxohyaline 
scar (Figs. 29.5 and 29.6) [10]. The percentage of 

Fig. 29.5  Hybrid tumor. Notice the demarcation from the 
adjacent renal parenchyma. H & E × 100

 

Fig. 29.4  Incipient lesion showing “glomeruloid” struc-
tures. × 200 H & E
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different cell types in the hybrid tumors has no 
clinical impact.

Nodules of classic chromophobe RCC can be 
found growing within some hybrid tumors and 
may compress the hybrid component to the pe-
riphery. These nodules exhibit only one type of 
chromophobe cells and their homogeneity dif-
ferentiates them from the hybrid tumor, where 
the admixture of different types of chromophobe 
cells confers a more heterogeneous appearance 
(Fig. 29.7).

IHC demonstrates that Mib-1 proliferation 
index is low in hybrid tumors, with few nuclei 
staining for p53. CD117 shows a patchy pattern 
in the hybrid component in contrast to the diffuse 

pattern of chromophobe RCC. Nontumoral renal 
parenchyma shows oncocytosis in about 56 % of 
the cases, consisting of poorly circumscribed le-
sions as small as a few cells in diameter that tend 
to expand into adjacent renal tubules. Cells with-
in the areas of oncocytosis have eosinophilic cy-
toplasm, well-defined borders, large nuclei with 
stippled heterochromatin, and occasional focal 
cytoplasmic clearing. Recombination mapping 
in BHD families has identified the gene on chro-
mosome 17p11.2; the gene product is known as 
folliculin. The treatment of patients with BHD is 
similar to that of patients with VHL and HPRCC.

When possible, nephron-sparing surgery is the 
treatment of choice, depending on the size and 
location of the tumors. Total nephrectomy may 
be necessary in some cases [11].

Molecular genetic testing for the family-spe-
cific mutation allows for early identification of 
at-risk family members, improves diagnostic cer-
tainty and reduces costly screening procedures 
in relatives who have not inherited the family-
specific disease-causing mutation.

The prognosis of patients with these tumors 
is better than that of HPRCC and VHL patients, 
unless clear cell RCC develops.

Hereditary Leiomyomatosis Renal  
Cell Carcinoma

Hereditary leiomyomatosis and renal cell car-
cinoma (HLRCC) is an autosomal dominant 
familial syndrome with incomplete penetrance, 
 characterized by the development of cutaneous 
and uterine leiomyomas as well as renal tumors. 
In 2001, Launonen et al. [12] reported on the clin-
ical, histopathologic and, molecular features of a 
cancer syndrome with predisposition to uterine 
leiomyomas and papillary renal cancer. Genetic 
evaluation of families with this disorder found 
germ line mutations in the gene encoding an en-
zyme of the Krebs cycle and fumarate hydratase 
( FH, 1q42.3-q43). Mutations of the FH gene 
were also found in the germ line of some multiple 
cutaneous leiomyomatosis (MCL) kindreds [13]. 
It is now believed that MCL and HLRCC are the 
same disorder. The four original kidney cancer 

Fig. 29.7  Chromophobe RCC (CMF) arising in associa-
tion with a hybrid tumor (HYB). H & E × 100

 

Fig. 29.6  Oncocytic cells mixed with clear and chromo-
phobe type cells. H & E × 150
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cases reported occurred in young females, had 
papillary architecture, and presented as unilateral 
solitary lesions that had metastasized at the time 
of diagnosis.

HLRCC is the only hereditary syndrome that 
presents with single unilateral masses that may 
be cystic in some patients. Three distinct patterns 
of imaging features have been seen in patients 
with HLRCC renal tumors. These patterns are 
characterized as homogeneous and poorly en-
hancing solid lesions, predominantly cystic with 
small solid component lesions and heterogenous 
solid lesions with necrosis. Cystic lesions with 
smaller, distinctly solid enhancing components 
and ranging in size from 2.5 to 10 cm are com-
monly identified [14].

Although the original report described all the 
tumors as papillary type II, better understanding 
of the disease has demonstrated a variety of mor-
phologic patterns including tubular, solid, and 
papillary and mixed. In the papillary tumors, the 
papillae are thick, with stalks containing vascular 
structures and abundant collagen [15].

The cells lining the papillae are large, contain 
abundant eosinophilic cytoplasm and occasional-
ly have nuclei arranged in a pseudostratified man-
ner resembling the rosettes seen in ependymomas 
(Fig. 29.8). The hallmark of these neoplasms is 
the presence of large nuclei with prominent or-
angeophilic nucleoli (Fig. 29.9). These nuclear 
traits are seen in the majority of the cells, whether 
lining the papillary or tubular structures. Other 
nuclear features include marked pleomorphism 

and irregularities of the nuclear membrane. Fre-
quently, the tumors show cystic dilatation in 
which papillary structures can be identified [16]. 
Association with areas of clear cell differentia-
tion can occur, but the nuclear changes are pres-
ent in the clear cells as well. All cases of HLRCC 
should be considered high grade.

The main differential diagnosis of HLRCC tu-
mors is with collecting duct carcinoma because 
of the papillary configuration, high grade, and 
cells with abundant cytoplasm. Collecting Duct 
Carcinoma (CDC) tumors, however, lack the 
characteristic nuclear features of HLRCC tu-
mors, have marked desmoplasia, and do not have 
the same genetic alterations as the tumors associ-
ated with the syndrome [17].

HLRCC tumors do not have a specific im-
munohistochemical marker and are negative for 
Ulex, CK7, CK20, CD10, C-Kit, high-molecular 
weight cytokeratin and mucin. Recent studies by 
Bardella et al. have utilized immunohistochem-
istry to detect elevated levels of cysteine (2SC), 
a protein that results from the loss of function of 
FH. In their study, the presence of this protein 
in renal tumors corresponded with the identifica-
tion of losses in the FH gene. This marker may 
prove of great help to identify patients with either 
renal or smooth muscle tumors that are part of the 
HLRCC syndrome [18].

Eighty to 90 % of the affected (with either cu-
taneous leiomyomas or germ line FH mutation) 
women have uterine leiomyomas (fibroids). The 
uterine leiomyomas are usually numerous (1–20 

Fig. 29.9  Characteristic prominent nucleoli. H & E × 250

 

Fig. 29.8  HLRCC with papillary configuration. H & E 
× 150
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tumors) and large (1.5–10 cm). Most of the af-
fected women had undergone hysterectomy prior 
to the age of 30 due to severe clinical symptoms 
caused by the smooth muscle tumors. Histologi-
cally, most of the lesions are consistent with atyp-
ical leiomyomas and may focally show the same 
nuclear features seen in the renal tumors [19].

The treatment of the renal cancers depends on 
the stage of the disease at the time of presenta-
tion. Early stage tumors can be treated by sur-
gery. However, most of the patients present with 
advanced disease due to a distinctive lymphotro-
phic pattern of spread [20]. 

Intraperitoneal spread as well as metastasis to 
lung, liver, and bone are common. These patients 
fail to respond to interleukin-2 (IL-2)-based ther-
apy and to a variety of chemotherapeutic agents. 
Recent studies have demonstrated that both HIF-
1α and HIF-2α are elevated in these tumors and 
the elucidation of a VHL-independent HIF-1 pro-
lyl hydroxylases (HPH)-dependent mechanism 
for HIF elevation may lead to targeting the HIF 
pathway and the development of new molecu-
larly targeted agents such as bevacizumab/erlo-
tinib. Patients enrolled in protocols and receiving 
these experimental therapies have shown longer 
disease-free intervals and longer survivals [21].

HLRCC is the most aggressive and lethal 
of all the hereditary syndromes associated with 
kidney cancer. Screening of family members is 
extremely important for early identification of 
tumors and for prolonging survivals.

Hereditary Paraganglioma-
Pheochromocytoma Syndrome, 
Succinate-Dehydrogenase-Complex-
Related Tumors

Hereditary paraganglioma-pheochromocytoma 
(PGL/PCC) syndrome is a disease characterized 
by the presence of PGLs and PCCs Fig. 29.10. 
PGL syndrome has been classified genetically 
into four entities, PGL1, PGL2, PGL3, and PGL4. 
To date, three of these four entities have been as-
sociated with germ line mutations in the genes 
encoding three of the subunits of succinate de-
hydrogenase (SDH), which has a key function in 

the Krebs cycle and the respiratory chain. Germ 
line mutations in SDHB, SDHC, and SDHD 
have been found in PGL4, PGL3, and PGL1, re-
spectively. The penetrance of the gene is often 
reported as 77 % by age 50. The average age of 
onset is approximately the same for SDHB ver-
sus non-SDHB-related disease (approximately  
36 years).

Germ line mutations in three genes ( SDHB, 
SDHC and SDHD) are associated with a high risk 
of head and neck PGLs (HNPGLs) and/or adre-
nal/extra-adrenal PCCs, and of gastrointestinal 
stromal tumors (GISTs).

Recently, several reports have confirmed the 
occurrence of RCC in patients with alterations in 
these genes and with or without history of PGLs. 
The gene that codes for SDHB in humans is lo-
cated on the first chromosome at locus p36.1-
p35.

The renal tumors occur predominantly in 
those cases associated with mutations in the 
SDHB gene and are often single, solid, and uni-
lateral masses, frequently misdiagnosed as onco-
cytomas.

Morphologically, the tumors are composed 
of uniform cells with a mixture of clear and light 
granular eosinophilic cytoplasm. Many of the cells 
have a signet ring cell appearance with vacuoles 
that seem to be filled with amorphous pink material. 
The nucleus of the cells is large with irregular chro-
matin distribution. The tumors are not  encapsulated 

Fig. 29.10  Renal cell carcinoma associated with SDHB 
mutation. A mixture of clear and eosinophilic cells is pres-
ent. H & E × 100
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and the cells gently blend with the normal renal pa-
renchyma [22]. One tumor has shown spindle cell 
differentiation and areas of nuclear pleomorphism 
and necrosis; however, nodules of cells similar to 
the ones described above were present.

Immunohistochemistry for these tumors is 
often positive for CAM5.2 and negative for 
CD10, CD56, CKIT, synaptophysin, chromo-
granin, CK7, and CK20. SDHB protein immu-
noexpression is negative in the kidney cancers 
caused by SDHB mutation, with positive staining 
in the background kidney parenchyma.

These tumors can metastasize to liver and 
bone. The treatment of SDHB-related tumors is 
surgical, and protocols are ongoing for therapy 
with new molecular targets.

Patients with a family history or diagnosis of 
SDH-related RCC need long-term follow-up for 
the high incidence of PGL/PCC and the develop-
ment of metastasis and recurrences.

Tuberous Sclerosis

Tuberous sclerosis (TS) is an autosomal domi-
nant disease characterized by cortical tubers, 
giant cell astrocytomas, retinal hamartomas, skin, 
cardiac, and renal tumors Fig. 29.11. The  disease 

is associated with two predisposing genes, TSC1 
which encodes Hamartin and is located at 9q34 
and TSC2 which encodes Tuberin at 16p13. 
Most cases of tuberous sclerosis complex (TSC) 
are first diagnosed through either neurological 
symptoms (seizures) or dermatologic manifesta-
tions (facial angiofibromas, shagreen patches, or 
periungual fibromas). However, many TSC pa-
tients remain asymptomatic and are diagnosed in 
adulthood when the disease is confirmed in other 
family members.

Renal pathology is the second most  common 
cause of morbidity and mortality in TSC patients. 
Angiomyolipomas, cysts, polycystic kidney, and 
epithelial tumors can occur as part of the syn-
drome. The most common of the renal lesions 
are angiomyolipomas, affecting approximately 
55–75 % of the patients. These are benign tu-
mors of the perivascular epithelioid cell tumor 
(PE Coma) family that often resemble smooth 
muscle, have variable intracytoplasmic lipid, and 
commonly involve the wall of medium-caliber 
vessels. The tumors can be bilateral and occa-
sionally cause intraperitoneal hemorrhage.

Renal epithelial cysts occur in up to 50 % of 
the patients, and are generally asymptomatic, al-
though on occasion they can be associated with 
hypertension. Polycystic kidney occurs in those 
cases in which there is a simultaneous mutation 
in both TSC2 and PKD1 genes.

The overall incidence of renal carcinoma in 
patients with TSC is approximately 2–3 %, but 
the association of kidney cancer and TSC is 
not recognized in many instances, so it is pos-
sible that the incidence is higher. TSC appears 
to show pathological heterogeneity. While cases 
with clear cell carcinomas, chromophobe-like 
carcinomas andoncocytomas have been reported 
in association with TSC, distinct subtypes not 
conforming to established diagnostic categories 
have also been described [23]. A recent study by 
Guo et al. identified three major classes of RCC 
among 57 tumors from 18 patients with tuberous 
sclerosis: (1) carcinomas resembling renal angio-
myoadenomatous tumor (RAT-like) or RCC with 
smooth muscle stroma (30 % of cases), (2) car-
cinomas resembling sporadic chromophobe type 
RCC (chromophobe-like, 59 % of cases), and (3) 

Fig. 29.11  Clear cell carcinoma in a patient with TSC. 
H & E × 150
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a unique granular eosinophilic-macrocystic his-
tology originally described by Schreiner et al. 
(11 % of cases) [23]. Two of the cases had a mix-
ture of these morphologies. Seventeen of these 
18 patients also had histologically confirmed an-
giomyolipomas (often multiple). The remaining 
patient had a lesion on the contralateral kidney 
radiographically suspicious for angiomyolipoma. 
The study showed a female predominance for 
these RCCs (M:F = 2.6:1) and a relatively young 
age at diagnosis (median 43 years) [24].

Cowden Syndrome

Cowden syndrome (CS), or phosphatase and 
tensin homolog (PTEN) syndrome is inherited 
as an autosomal dominant condition caused by 
germ line alterations in the PTEN gene. The dis-
ease occurs with an estimated incidence of one in 
200,000 individuals. A clinical diagnosis is made 
based on a combination of pathognomonic, (mu-
cocutaneous lesions, acral keratoses, facial pap-
ules), major (breast, endometrium, and thyroid 
cancers) and minor criteria (mental retardation, 
gastrointestinal (GI) hamartomas). It has been 
estimated that patients with CS have a > 30-fold 
increased risk of developing kidney cancer. How-
ever, the overall incidence of CS-RCC is usually 
low (4 %). Family history of RCC may or may 
not be as helpful as in other hereditary syndromes 
since many patients with CS do not have a his-
tory of family members affected with RCC.

Recongnition of CS-RCC may be difficult un-
less the clinical history is known because unlike 
many of the other hereditary cancer syndromes 
such as VHL and HPRCC that are characterized 
by specific morphology CS-RCC can show dif-
ferent tumor types such as clear cell, papillary, 
and chromophobe. The tumors can also be bi-
lateral or present as single masses. Molecular 
studies have confirmed that specific germ line 
mutations could not be associated with unique 
histologic types. In a study of Shuch et al., one 
nonsense mutation in exon 5 (p.R130X) was 
associated with three tumors in three different 
individuals that presented with three different 
histologies—one chromophobe, one papillary 

type I, and one clear cell [25]. Clinical informa-
tion will be essential for the suspicion of CS and 
associated cancers. As with other hereditary syn-
dromes, recognition of the syndrome will lead to 
early therapy and genetic counseling.

Familial Oncocytoma

In 1998, Weirich et al. reported five families with 
multiple and bilateral oncocytomas [26]. The 
tumors had been accidentally found and were 
consistent with benign oncocytomas. All patients 
were free of disease after long follow-up. The 
gene for this condition is not known.
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Introduction

Renal neoplasms comprise a heterogeneous 
group of tumors with divergent clinicopatho-
logical and molecular characteristics as well as 
therapeutic options. More than 90 % of the renal 
neoplasms arise from, or recapitulate the differ-
entiation of, renal tubular epithelia and constitute 
the vast majority of cases encountered clinically, 
including malignant clear cell, papillary, and 
chromophobe renal cell carcinoma (RCC) and 
benign oncocytoma, and papillary adenoma. Ac-
curate diagnosis and classification are critical for 
patient management, prognosis and prediction of 
therapeutic response. Recent emergence of small 
molecule inhibitors that target different molecu-
lar pathways makes accurate histological classifi-
cation of renal tumors even more imperative. For 
example, inhibitors of receptor tyrosine kinase 
pathways and mammalian target of rapamycin 
(mTOR) pathway are effective for clear cell RCC 
and show little effect for other RCC subtypes.

Diagnosis and classification of renal tumors 
are usually straightforward based on gross and 
microscopic examination of the biopsy and 
resection specimens. Immunohistochemistry, 
however, has been increasingly used in the  

workup of challenging cases [1–5]. Immunohis-
tochemical markers are used to verify histological 
subtypes, distinguish primary RCCs from other 
nonrenal cell tumor types that can occur in the 
kidney, or from the rare metastasis to the kidney. 
Metastatic RCCs to distant sites often require 
confirmation of renal origin by immunohisto-
chemistry. Finally, needle biopsies with limited 
material often require immunohistochemical 
stains to establish diagnosis and classification 
[6].

This review discusses the immunophenotypes 
of major renal tumors and immunohistochemical 
markers that are commonly used in clinical labo-
ratories. In addition, algorithms incorporating 
morphology and immunohistochemical profiles 
in the differential diagnosis of major RCC histo-
logical subtypes will also be provided.

Immunohistochemical Markers 
Commonly Used in the Diagnosis  
of Renal Tumors

Markers That Support Renal Origin

These markers are expressed in the different 
parts of the nephron structures and the majority 
of renal cell neoplasms, but infrequently in non-
renal cell neoplasms. Because of their relative 
specificity for renal tumors, they are often used 
to distinguish renal and nonrenal cell neoplasms 
and to confirm the renal origin of metastatic RCC 
at distant sites.

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_30,
© Springer Science+Business Media New York 2015
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PAX2 and PAX8
Paired-box protein 2 (PAX2) and PAX8 are both 
nuclear transcription factors mediating embry-
onic development of the kidney, Müllerian and 
other organ systems [7, 8]. Their expression in 
human tissues is similar except PAX8 is also ex-
pressed in thyroid follicular cells while PAX2 is 
not. They are expressed diffusely in normal kid-
ney with higher level in the distal tubules than the 
proximal tubules (Fig. 30.1a, b) and patchy ex-
pression in the urothelium of the collecting sys-
tem (Fig. 30.1c). They have a similar expression 
profile and are found in approximately 90 % of all 
the histological subtypes of renal cell neoplasms 
(Fig. 30.1d–i), including the newer subtypes 
such as Xp11.2 translocation RCC and mucinous 

tubular and spindle cell carcinoma. The expres-
sion is also identified in some sarcomatoid RCC 
cases. PAX2 and PAX8 are therefore considered 
the most useful markers to confirm a diagnosis 
of renal cell neoplasms both in the kidney and 
at distant sites due to their high sensitivity, high 
percentage of positive tumor cells in positive 
cases and discrete nuclear staining pattern. These 
two markers do have some differences. For ex-
ample, some renal tumors that may be negative 
or infrequently positive for PAX2, including on-
cocytoma and chromophobe RCC, are often posi-
tive for PAX8. Another diagnostic pitfall is oc-
casional expression of PAX2 and PAX8 in other 
nonrenal neoplasms, including 10–15 % of pelvic 
urothelial carcinoma (UC) and tumors derived 

Fig. 30.1  Expression of PAX8 in normal and neoplas-
tic renal tissues. PAX8 is expressed throughout renal tu-
bules, but more intensely in distal tubules and collecting 
ducts (a, b), and urothelium lining the renal papillae (c). 
PAX8 expression tapers and patchy and weak expression 

are seen in urothelium lining the minor calyx (c). PAX8 
expression is detected in the majority of renal cell neo-
plasms, including clear cell RCC (d, e), papillary RCC (f, 
g) and mucinous tubular and spindle cell carcinoma (h, i)
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from the Müllerian and Wolffian duct systems. 
PAX8 is also expressed in thyroid follicular cells 
and thyroid neoplasms. However, PAX2 is usu-
ally negative in thyroid neoplasms, making it a 
better marker to use in the distinction between 
RCC and thyroid carcinoma. Positive staining 
is also reported in neuroendocrine tumors and B 
cell lymphoma due to antibody cross-reactivity 
with other members of the PAX gene family.

RCC Marker
RCC Marker (RCC Ma) is a monoclonal anti-
body raised against a glycoprotein on the brush 
border of proximal renal tubules. It is consid-
ered a “renal” marker as its expression is found 
in approximately 80 % of renal cell neoplasms, 
present in almost all low-grade clear cell and 
papillary RCC (PRCC) [9]. Its expression in 
other renal tumors is widely variable and the 
staining is often focal. It is absent in oncocytoma 
and collecting duct carcinoma. Its main disad-
vantage is the poor specificity with expression 
reported in many other nonrenal tumors, includ-
ing neoplasms of parathyroid, salivary gland, 
breast, lung, colon, adrenal gland, testicular germ 
cell tumors, and mesothelioma. Its use to support 
the renal origin of a poorly differentiated tumor 
is now largely supplanted by other more sensi-
tive and specific renal markers (i.e., PAX8 and 
PAX2).

CD10
CD10 is a cell-surface glycoprotein expressed 
on the proximal renal tubular epithelial cells and 
podocytes as well as many renal tumors with an 
expression pattern similar to that of RCC Ma. It 
has therefore been considered a useful marker to 
support the renal origin of a poorly differenti-
ated neoplasm. Almost all clear cell and PRCCs 
are positive for this marker while other types of 
renal cell neoplasms are negative. Unfortunate-
ly, CD10 is even less specific than RCC Ma. Its 
expression is reported in wide array of nonrenal 
tumors, including carcinomas of lung, colon, 
ovary, and urinary bladder, and mesenchymal tu-
mors such as endometrial stromal sarcoma and 
lymphomas. CD10 has fallen out of favor with 
the advent of PAX8/PAX2.

Human Kidney Injury Molecule-1 (hKIM-1)
hKIM-1 is a type I transmembrane glycoprotein 
expressed in injured proximal renal tubules. Its 
expression is also detected in the majority of clear 
cell and PRCC [10]. Only rare cases of chromo-
phobe RCC and oncocytoma express this marker. 
It is therefore a relatively sensitive (80 %) and 
specific (90 %) marker for clear cell and PRCC, 
and metastatic RCCs. However, its expression is 
also detected in the majority (93.8 %) of ovar-
ian clear cell carcinoma, 1/3 of endometrial 
clear cell carcinoma, and infrequently in colonic 
adenocarcinoma, limiting its use to narrow clini-
cal circumstances.

Vimentin
Vimentin is found in the majority of RCCs. This 
stain alone is not a specific renal marker as its 
expression is found in wide range of neoplasms. 
Coexpression of vimentin and cytokeratin (CK), 
however, is limited to RCC and a few other car-
cinomas including endometrioid carcinoma, 
thyroid carcinoma, and mesothelioma. There-
fore, coexpression of vimentin and CKs suggests 
RCC as one of the possible diagnoses.

Markers That Are Differentially 
Expressed in Different RCC Subtypes

Different histological subtypes of RCC are postu-
lated to be derived from, or differentiate towards, 
different parts of nephron units which have dis-
tinct immunoprofiles. Therefore, renal tumors 
may be classified based on their immunoprofiles 
that recapitulate those of the normal nephrons. 
For example, CD10 and RCC Ma are found on 
the proximal renal tubules as well as in neoplasms 
that are derived from or recapitulate the proxi-
mal renal tubules (clear cell RCC and PRCC). 
Kidney-specific cadherin (ksp-cadherin), parv-
albumin, claudins, and S100A are found on the 
distal nephrons and corresponding chromophobe 
RCC and oncocytomas. High-molecular-weight 
CKs are detected in collecting ducts of Bellini as 
well as in collecting duct carcinomas. However, 
morphology-immunophenotype concordance is 
imperfect. Such discordance occurs as the result 
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of heterogeneity in tumor biology and technical-
ity of immunohistochemistry. Furthermore, most 
published studies have utilized morphologically 
straightforward cases but not genetically con-
firmed difficult cases with ambiguous morphol-
ogy. It should be emphasized that immunohisto-
chemistry plays a supportive, rather than primary 
and definitive, role in the histological classifica-
tion of RCC, and is best applied in the context of 
differential diagnosis.

Carbonic Anhydrase IX (CA9)
CA9 is a transmembrane protein of the carbonic 
anhydrase family. It is regulated by hypoxia in-
ducible factor (HIF) and considered a marker for 
tissue hypoxia. CA9 is not expressed in healthy 
renal tissue as opposed to other carbonic anhy-
drase family members. It is instead expressed in 
most clear cell RCC (CCRCC) through HIF-1α 
accumulation driven by hypoxia or inactivation 
of the von Hippel–Lindau (VHL) gene [7, 11]. 
The staining pattern in CCRCC is circumferential 

membranous and is usually diffusely positive in 
most or all tumor cells (Fig. 30.2a). Focal stain-
ing is seen in up to one fourth of cases, typically 
in high-grade cancer (Fig. 30.2b). Its expression 
is also detected in clear cell tubulopapillary RCC 
(CCTPRCC), showing a unique “cup-like” pat-
tern with staining decorating the basolateral, but 
not the apical, portion of cells lining glandular 
and cystic spaces (Fig. 30.2c). Its expression may 
also be detected in other high-grade tumors in the 
kidney including collecting duct carcinoma and 
pelvic UC (Fig. 30.2d), and can be seen adjacent 
to tumor necrosis due to ischemia and hypoxia 
(Fig. 30.2e, f). CA9 is not expressed in chromo-
phobe RCC (ChRCC) and oncocytomas.

CA9 expression is also seen in many nonrenal 
tumors, including tumors of endometrium, stom-
ach, cervix, breast, lung, liver, neuroendocrine tu-
mors, mesotheliomas, and brain tumors. Therefore,  
CA9 has limited value in distinguishing renal ver-
sus nonrenal carcinomas. It is mainly used to con-
firm a diagnosis of CCRCC or CCTPRCC.

Fig. 30.2  Expression of carbonic anhydrase IX (CA9) 
in renal cell neoplasms. CA9 expression is diffuse and 
circumferential membranous in a clear cell RCC (a). The 
staining is focal in a high-grade clear cell RCC (b). In 
CCTPRCC, CA9 stains the basolateral, but not the apical, 

portion of tumor cells (“cup-like” pattern, c). CA9 is ex-
pressed in urothelial carcinoma (d). It is also expressed in 
cells surrounding necrosis (e, f) in an unclassified renal 
cell carcinoma
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α-Methylacyl Coenzyme A Racemase
α-Methylacyl coenzyme A racemase (AMACR) 
is a mitochondrial enzyme involved in the oxida-
tion of branched chain fatty acids and bile acid 
[12]. In the kidney, it is expressed in the proximal 
renal tubules (Fig. 30.3a). The majority of PRCC, 
both type 1 and 2, are positive for AMACR as 
granular cytoplasmic staining (Fig. 30.3b) [13]. 
Its expression is also found in mucinous tubular 
and spindle cell carcinoma, tubulocystic RCC, 
translocation RCC, but not in CCTPRCC, on-
cocytomas, and ChRCC. Therefore, positive 
AMACR staining provides support for a morpho-
logical diagnosis of PRCC.

AMACR is found in a wide array of nonrenal 
tumors, most commonly in prostate adenocarci-
noma, rendering it of little use in distinguishing 
renal from nonrenal tumors.

Parvalbumin
Parvalbumin is a calcium-binding protein in-
volved in intracellular calcium homeostasis. In 
the kidney, its expression is limited to the distal 
nephrons from which ChRCC and oncocytomas 
are postulated to be derived. In support of such 
a histogenic derivation, parvalbumin expression 
is detected in these two subtypes of renal cell 
neoplasms, but is absent in other subtypes [14]. 
Therefore, parvalbumin immunostains may be 
used to differentiate oncocytoma and ChRCC 
from other renal tumors with similar “oncocytic” 
cytoplasm.

E-Cadherin and Kidney-Specific Cadherin
Epithelial cadherin (E-cadherin) is a calcium-
dependent cell–cell adhesion glycoprotein. 
It is normally expressed in many cell types 
including renal tubular epithelial cells. Kidney-
specific cadherin (ksp-cadherin) is an isoform 
of E-cadherin whose expression is exclusively 
found on the basolateral cell membranes of the 
distal convoluted tubules and collecting ducts 
(Fig. 30.4a, b) [15]. Both E-cadherin and ksp-
cadherin are expressed in almost all ChRCC 
(Fig. 30.4c) and oncocytomas (Fig. 30.4d), but 
variably in other subtypes, including collecting 
duct carcinoma, translocation RCC, mucinous 
tubular and spindle cell carcinoma, and UC. 
Their expression in CCRCC and PRCC is, 
however, uncommon. Therefore, E-cadherin and 
ksp-cadherin may be used to distinguish ChRCC 
and oncocytoma from other renal tumors with 
“oncocytic cytoplasm.”

E-cadherin expression is commonly seen in 
other nonrenal tumors, often with positive stain-
ing in a high percentage of tumor cells, including 
lung, breast, and bladder carcinomas, rendering it 
unsuitable for differentiating renal from nonrenal 
tumors.

Claudin 7 and 8
Claudin 7 and 8 are members of a gene family 
that form tight cell junctions between epithelial 
cells. In the kidney, they are found primarily in 
the distal tubules and collecting ducts. Limited 

Fig. 30.3  Expression of α-methylacyl coA racemase (AMACR) in normal and neoplastic renal tissues. AMACR ex-
pression is detected in proximal renal tubules (a) and papillary renal cell carcinoma (b) as granular cytoplasmic staining
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data show that claudin 7 and 8 are expressed in 
most ChRCC and oncocytomas, but in none or 
very few of other subtypes. Therefore, claudin 7 
and 8 may be used in the differential diagnosis 
between ChRCC, oncocytomas, and other RCC 
with oncocytic cytoplasm.

CD117
CD117, or c-Kit, is a receptor tyrosine kinase 
that, upon binding to its ligands, phosphorylates 
and activates signal transduction molecules that 
propagate signals in cells and plays a critical role 
in cell survival, proliferation, and differentiation. 
Most ChRCC and oncocytomas are positive for 
CD117. However, no mutations have been iden-
tified in exons 9 and 11 of the c-Kit gene, the 
presence of which correspond to the therapeutic 
response to imatinib seen in gastrointestinal stro-

mal tumors. Clear cell and PRCC are in general 
negative for CD117. Its expression has also been 
detected in sarcomatoid RCC and pelvic UCs.

S100A1
A member of S100 gene family, S100A1 is a cal-
cium-binding protein whose expression is found 
in nephrons in the adult kidney. It is expressed in 
most oncocytomas, but in a significantly lower 
percentage of ChRCC cases. Such a differential 
expression pattern may aid in the distinction of 
these two tumors. Its expression, however, is also 
found in the majority of CCRCC and PRCC.

TFE3, TFEB, and Cathepsin K
Transcription factor E3 (TFE3) protein is encod-
ed by the TFE3 gene on chromosome Xp11.2, 
and TFEB protein is encoded by the TFEB gene  

Fig. 30.4  Expression of epithelial cadherin (E-cadherin) 
in normal and neoplastic renal tissues. E-cadherin is only 
detected in a few distal convoluted tubules in the cortex 

(a), but is diffusely positive in the thick segments of loop 
of Henle and collecting ducts (b). Chromophobe RCC (c) 
and oncocytoma (d) are diffusely positive for E-cadherin

 



38930 The Utility of Immunohistochemistry in theDifferential Diagnosis of Renal Cell Carcinomas

on chromosome 6p21. Both genes are members 
of the “microphthalmia transcription factor/tran-
scription factor E (MiTF/TFE)” gene family. 
RCCs harboring chromosomal translocations 
involving the respective genes overexpress TFE3 
and TFEB proteins which can be detected by 
immunohistochemistry [16–18]. Although mo-
lecular genetic analysis for the chromosomal 
translocation involving TFE3 and TFEB genes 
provides the most definitive evidence, immuno-
histochemical stains for TFE3 and TFEB proteins 
are sensitive, specific and highly correlate with 
the TFE3 and TFEB gene status in these tumors. 
TFE3 is undetectable in normal kidney tissues. 
TFE3 fusion protein, in contrast, is overex-
pressed in Xp11 translocation RCC (Fig. 30.5a, 
b) and is detected in over 95 % of Xp11.2 translo-
cation RCC confirmed molecularly (Fig. 30.5c). 
However, TFE3 immunostaining can be seen in 
tumors other than Xp11.2 translocation RCC, 
including many perivascular epithelioid cell 
tumors (PEComa) of soft tissue and gynecologi-
cal tract, a subset of which indeed harbors TFE3 
gene alteration, as well as in a possibly related 

tumor, melanotic Xp11 translocation renal 
cancer. Rarely TFE3 immunoexpression is also 
detected in other tumors, including adrenal corti-
cal carcinoma, granular cell tumor, bile duct car-
cinoma, and high-grade myxofibrosarcoma. The 
immunohistochemical stain for TFEB protein 
is both sensitive and specific for RCC associ-
ated with TFEB translocation, and is not detect-
able in other neoplasms. Weak nuclear staining 
for TFEB is rarely detected in scattered normal 
lymphocytes. The most significant issue with 
the immunohistochemical detection of TFE3 and 
TFEB proteins is that the staining is susceptible 
to tissue fixation. Inconsistent staining results are 
often encountered, especially when the staining 
is performed on an automatic stainer. Some stain-
ing protocols call for manual staining.

Cathepsin K is transcriptionally regulated by 
members of the MiTF/TFE gene family. Its over-
expression is seen in all TFEB RCC (Fig. 30.5d) 
and 60 % of TFE3 RCC, but none of the other 
RCC subtypes [19, 20]. Its expression in non-
renal carcinomas is rare (2.7 %), although very 
common in mesenchymal tumors (> 50 %). 

Fig. 30.5  a–d Expression of TFE3 and cathepsin K in a TFE3 translocation renal cell carcinoma (a, b). TFE3 staining 
is nuclear (c), while cathepsin K is cytoplasmic (d). (Courtesy of Dr. Guido Martignoni, University of Verona, Italy)
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These findings suggest that cathepsin K may be 
used as a surrogate marker for TFE3 and TFEB 
overexpression and is a highly specific marker 
for translocation RCC.

Markers for Urothelial Lineage 
Differentiation

Markers for urothelial lineage differentiation, 
including p63, thrombomodulin, uroplakin III, 
and GATA 3, are expressed in a high percentage 
of UC but not in RCC and therefore can be used 
in the diagnosis of a poorly differentiated carci-
noma, where the differential diagnosis is between 
a UC and RCC [21]. One caveat is that p63 is 
reported to be expressed in small fraction of col-
lecting duct carcinoma.

Cytokeratins
Different types of CK are expressed in different 
renal tumors and can be taken advantage of for 
the purpose of differential diagnosis. For exam-
ple, CK18, a low molecular weight CK expressed 
in simple epithelia, is detected while CK20 is vir-
tually absent in all major renal tumors. CK7, a 
low-molecular-weight CK, is expressed in PRCC 
(predominantly type 1), CCTPRCC, collecting 
duct RCC, and UC. High-molecular-weight CKs, 
detected by antibody clone 34βE12 and CK5/6, 
in contrast, are expressed in the majority of col-
lecting duct RCC, almost all UCs and significant 
proportion of CCTPRCC, but uncommonly in 
other RCC subtypes.

Clinically several CK monoclonal antibody 
clones are used, including AE1/3, CAM5.2, 
34βE12 and CK5/6. AE1/3 is considered a pan-
cytokeratin as it detects both low molecular 
weight (CK7, 8, and 19) and high-molecular-
weight (CK10, 14–16) CKs, but it lacks reactiv-
ity to CK18, a CK almost ubiquitously present 
in simple epithelia, including renal tumors. 
Notably AE1/3 is positive in only one third of 
CCRCC and one fourth of translocation RCC. If 
one wishes to confirm the carcinomatous nature 
of a poorly differentiated tumor in the kidney, a 
panel of markers, including AE1/3, CAM5.2, and 
CK18, should be used.

Immunophenotype of Common Renal 
Tumors

One has to bear in mind that characteristic immu-
noprofiles are derived from the studies of renal 
tumors of typical morphology. A poorly differ-
entiated tumor often retains at least partially the 
characteristic immunoprofile of the renal tumors 
of the same histological class. However, signifi-
cant deviation from the “typical” immunoprofile 
of a particular renal tumor type can occur and 
may impact the utility of these immunohisto-
chemical markers in the classification of renal 
tumors. Therefore, while a concordant immu-
noprofile supports classifying the tumor under 
study into the subtype with that immunoprofile, 
a lack of concordance does not invalidate that 
classification.

Utility of Immunohistochemistry  
in Morphological Classification  
of Renal Tumors

With the exception of TFE3 and TFEB, none 
of the above-mentioned markers are specific 
for renal tumors. Immunostains should then be 
used to corroborate, rather than to establish, the 
morphological classification. One should always 
carefully examine the hematoxylin and eosin 
(H&E) morphology of the lesion first to generate 
a differential diagnosis and then apply appropri-
ate markers. A panel of markers is preferred to 
include markers that support the favored diag-
nosis and markers that rule out other diagnoses 
included in the differential diagnosis.

Renal Tumors with Predominantly Clear 
Cell Nests and Sheets

Many renal tumors have clear, or pale-staining, 
cytoplasm as the predominant morphological fea-
ture (Table 30.1). Their characteristic morpholog-
ical features should lead to the correct diagnosis, 
or at least narrow down the differential diagnosis 
in most cases. An initial panel of markers, includ-
ing CK7, CA9, and ksp-cadherin (or CD117), can 
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help when working up difficult cases. Additional 
markers can be performed judiciously based on 
the differential diagnosis. For example, urothe-
lial markers, including p63, GATA-3, and high-
molecular-weight CK (HMWCK) can be stained 
if UC is suspected. Adrenal cortical markers 
including inhibin and MelanA can be performed 
to rule out intrarenal adrenal cortical tissue.

One important clinical question frequently 
raised by clinicians is whether a poorly differen-
tiated RCC is a CCRCC. The tumor should be ex-
tensively sampled to look for areas with classical 
CCRCC morphology. Such areas may be minute, 
but if present and possessing a characteristic im-
munoprofile  (CK7 −,  CA9 + ,  ksp-cadherin −, 
p63 −), support the diagnosis of CCRCC.

Renal Tumors with “Oncocytic” 
Cytoplasm (Pink Cell Tumor)

Oncocytic cytoplasm can be seen in many renal 
tumors (Table 30.2) and may pose significant 
diagnostic challenges. In CCRCC, high-grade 
tumor cells tend to lose cytoplasmic clarity and 
acquire oncocytic cytoplasm. The initial panel to 
work up a challenging tumor with oncocytic cy-
toplasm should include CK7, CA9, AMACR, and 
ksp-cadherin (or CD117). Additional markers can 
be added if other tumors are suspected, including 
melanocytic markers for oncocytic AML, TFE3, 
TFEB, and cathepsin K for translocation RCC. 
One particular diagnostic issue is the distinction 
between an oncocytoma and ChRCC, an eosino-
philic variant. Oncocytomas are characteristi-

cally negative or positive in single or small clus-
ters of cells for CK7, and diffusely positive for 
CD117, ksp-cadherin and E-cadherin. ChRCC, 
on the other hand, is diffusely positive for CK7, 
CD117, ksp-cadherin and E-cadherin. Deviation 
from these characteristic immunoprofiles may 
justify labeling the tumor as “oncocytic tumor” 
without further subclassification. For example, 
an oncocytoma with diffuse CK7 staining is not 
characteristic and may be labeled as “oncocytic 
tumor, not otherwise specified,” especially when 
other atypical features, such as diffuse nuclear 
atypia, are present (Fig. 30.6a–c).

Renal Tumors with Predominantly 
Papillary Components

Renal tumors with predominantly papillary com-
ponents are listed in Table 30.3, although focal 
papillary patterns are seen in many renal tumors, 
especially in high-grade tumors. The initial 
panel of markers should include CK7, AMACR, 
and CA9. A high-grade renal tumor with pre-
dominantly papillary architecture should elicit a 
differential diagnosis of type 2 PRCC, collecting 
duct carcinoma (CDC), hereditary leiomyomato-
sis and renal cell cancer (HLRCC) syndrome, and 
metastatic adenocarcinoma to the kidney. Except 
for lineage specific markers (CDX-2, TTF-1, 
etc.), other markers are considerably variable in 
their expression pattern in these tumors; there-
fore, they offer little help in classification. Clas-
sification of these tumors depends largely on 
morphology and clinical manifestation.

Fig. 30.6  Oncocytic renal tumor. It comprises sheets and cords of oncocytic cells with uniform nuclei (a). Tumor cells 
are diffusely positive for CK7 (b) and E-cadherin (c)
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Renal Tumors with Papillae Covered 
with Clear Cells as Predominant 
Features

The differential diagnosis includes CCTPRCC, 
PRCC, and translocation RCC. Characteristic 
morphological features and immunoprofiles can 
readily distinguish these three lesions (Fig. 30.7). 
CCTPCC is a recently described new subtype 
which behaves in a benign or indolent fashion 
[22]. Therefore, it is important to distinguish 
it from CCRCC and PRCC. It has character-
istic morphology and immunoprofile (CK7 + , 
CD10 −, CA9 +  with “cup-like” staining pattern, 
and AMACR) [22].

Renal Tumors with Tubulopapillary 
Architecture in Children and Young 
Adults

If a renal tumor has tubulopapillary architecture 
in children and young adults, the differential 
diagnosis should include PRCC, metanephric  
adenoma and epithelial predominant Wilms’ 
tumor (Table 30.4). With appropriate clinical 
history and morphology, translocation RCC 
and metastatic adenocarcinoma may also be 
considered.

Fig. 30.7  Differential diagnosis of renal tumors with pa-
pillae covered with clear cells as predominant features. 
AMACR α-methylacyl coA racemase, RCC renal cell car-

cinoma, PRCC papillary renal cell carcinoma, CCPRCC 
clear cell papillary renal cell carcinoma, TFE3 transcrip-
tion factor E3

 

+

+

+

Renal Tumors with Papillae Covered with Clear Cells as Predominant Features

Low grade clear cells
lining acini, papillae
Nuclei polarized to apical
surface

Capsule lined with tumor cells
Foamy macrophages
hemosiderin

Pancytokeratin-/or focally positive

TFE3/TFEB+
Cathepsin K+

CK7+/CD10+/
CA9-/AMACR+CK7+/CD10-/

CA9+(cup-like)/
AMACR-

CCPRCC

PRCC

Translocation RCC

Children and young adults;
Papillae lined with voluminous
partially clear, partially
eosinophilic cytoplasm;
Hyalinzed fibrovascular cores;
Psammoma bodies
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Renal Tumors with High-Grade 
Infiltrative Growth Pattern

Renal tumors with multinodular growth and in-
vasive borders (tumor cells infiltrating between 
renal tubules and glomeruli at the advancing front) 
are difficult to classify based on morphology 
alone. There are several critical decision points 
in the workup of these cases (Fig. 30.8). One has 
to first rule out a metastasis to the kidney. PAX8 
and PAX2 are probably the most useful markers 
owing to their relatively high sensitivity and 
specificity. If a tumor is deemed likely to origi-
nate in the kidney, UC should always be consid-
ered and ruled out as the management for UC 
and RCC is drastically different. The presence of 
UC in pelvic mucosa and typical staining pattern 
(CK7 + , CK20 + , PAX8 −, HMWCK + , p63 +) 
supports a diagnosis of UC.

Use of Immunohistochemical Markers 
in the Interpretation of Needle 
Biopsies of Renal Masses

Needle biopsy of renal masses has recently 
become more popular in the management of 
patients with renal masses owing to several rea-
sons. The biopsy aims to clarify at least three 
questions. (1) Is the renal mass a neoplasm? (2) 
Is it a primary RCC, or metastatic cancer/lym-
phoma? (3) If a primary RCC, what subtype is it?

The most significant limitation of renal mass 
needle biopsy is the small quantity of tissue pro-
cured which may limit the morphological evalu-
ation of the renal mass lesion. Consequently, 
 immunohistochemistry is often employed to sup-
plement the morphological evaluation. A recent 
study found that standard morphological evalua-
tion and judicious use of five markers (CD7, CD10, 

Fig. 30.8  Differential diagnosis of renal tumors with high-grade infiltrative growth pattern. CDC collecting duct car-
cinoma, RCC renal cell carcinoma, CIS carcinoma in situ, UC urothelial carcinoma
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CA9, AMACR, and CD117) yielded accurate 
diagnoses in > 90 % of cases in an ex vivo needle 
biopsy study after nephrectomy [6]. When using 
immunohistochemistry to work up a renal mass 
biopsy, one should use the same, if not more, due 
diligence as in the workup of nephrectomy speci-
mens. Careful morphological examination should 
be performed first to generate a list of differential 
diagnoses. Appropriate markers are then applied 
and the results are used to corroborate, rather than 
to establish, the morphological diagnosis.

Prognostic and Predictive Markers

The roles of several genetic pathways, including 
mTOR and HIF, in renal carcinogenesis and pro-
gression have been increasingly elucidated. Key 
components of these pathways have been inves-
tigated for their prognostic and predictive value 
for targeted therapies. For example, VHL gene, a 
tumor suppressor gene on chromosome 3p25–26, 
plays a crucial role in the HIF pathway. In normal 
cells, VHL targets HIF for proteosome-mediated 
degradation and therefore keeps HIF at low level. 
When the VHL gene is inactivated by gene mu-
tation or promoter hypermethylation, HIF accu-
mulates and activates downstream target genes, 
including vascular endothelial growth factor 
(VEGF) and CA9. Many of these molecules con-
tribute to carcinogenesis in CCRCC. Functional 
loss of VHL is implicated in hereditary and spo-
radic CCRCC. However, studies have shown 
conflicting data on the prognostic value of VHL 
gene alteration. Loss of function mutation in the 
VHL gene is correlated with response to anti-
VEGF therapy in some studies.

Several studies have found that the level of 
CA9 expression seems to have prognostic sig-
nificance, with low expression (≤ 85 % of tumor 
cells) correlating with worse overall survival 
in metastatic RCC, and high CA9 expression 
(> 85 %) predictive of response to interleukin 2 
(IL-2) [23], but final results are awaiting a pro-
spective phase 2 selenium and vitamin E cancer 
prevention trial (SELECT). In addition, high 
CA9 expression (> 85 %) is associated with 
greater tumor shrinkage in response to sorafenib 
(a VEGF inhibitor) treatment.

Other molecules that have been investigated 
for their prognostic and predictive roles in RCC 
include key components of mTOR pathway, B7 
family members that are coregulatory molecules 
inhibiting T-cell-mediated immunity, insulin-like 
growth factor II mRNA binding protein 3 (IMP3) 
which is a member of the insulin-like growth 
factor II messenger ribonucleic acid (mRNA)-
binding protein [24], p53, histone modifying and 
chromatin remodeling genes [25]. However, the 
vast majority of published studies are of single-
center research and comprise a small number of 
cases. No marker has so far emerged as being 
reproducible and consistent across published 
studies. Therefore, no markers are ready to be 
recommended in routine clinical use for prog-
nosis and prediction of therapy response. Large, 
multicenter prospective studies are needed to 
validate some promising markers. CA9 may be 
performed at the clinician’s request and expres-
sion can be quantified as ≤ 85 % or > 85 %.

Summary

Diagnosis and classification of renal cell neo-
plasms, based primarily on the morphological 
features, are usually straightforward. Immunohis-
tochemical markers, however, play an important 
role in several clinical settings, including distin-
guishing renal from nonrenal tumors, subtyping 
of renal cell neoplasms and working up renal 
massneedle biopsy with limited tissue quan-
tity. These markers include those whose expres-
sion supports a renal origin (PAX2/PAX8, RCC 
Ma, CD10, HKIM-1, and vimentin) and those 
with differential expression in different renal 
tumor subtypes (CA9, AMACR, parvalbumin, 
E-cadherin, ksp-cadherin, claudin 7/8, CD117, 
S100A1, TFE3, TFEB, cathepsin K, markers of 
urothelial differentiation, and various CKs). Each 
marker has its utility in a specific diagnostic set-
ting. A panel of markers should be used to cor-
roborate, but not to supplant, the morphological 
diagnosis and classification. So far, no markers 
have proven clinical utility in the prediction of 
clinical outcomes and response to novel targeted 
therapy.
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Introduction

Clinical and radiological data provide impor-
tant clues to the diagnosis of a space-occupy-
ing lesion in the kidney. Most of solitary solid 
renal masses in adults are renal cell carcinomas 
(RCCs), which usually show typical characteris-
tics on radiological images. In contrast, the ma-
jority of cystic renal lesions are benign, although 
secondary changes such as hemorrhage, fibrosis, 
or calcifications may make it difficult to clini-
cally distinguish a benign cyst from an exten-
sively cystic RCC. Most urothelial carcinomas 
of the kidney can be recognized preoperatively, 
but high-grade invasive urothelial carcinoma can 
form a large mass, mimicking RCC. Conversely, 
high-grade RCC, especially collecting duct car-
cinoma, can simulate urothelial carcinoma. The 
diagnosis of less common lesions, such as angio-
myolipoma and xanthogranulomatous pyelone-
phritis, can often be made with confidence based 
on their clinical and radiological findings. In 
most instances, therefore, urologists are able to 
plan definitive treatment of a renal mass without 
a preoperative biopsy. Furthermore, fine needle 
aspiration and/or needle core biopsy of a renal 

lesion may not always provide a definitive diag-
nosis. Thus, the final histopathologic diagnosis 
is usually made after the definitive procedure 
has been performed. However, there are circum-
stances when pathologists play a critical role in 
selecting an adequate therapeutic procedure dur-
ing the surgery.

Common Indications  
for Intraoperative Consultation

• Gross identification of renal mass(es) in the 
nephrectomy specimen

• Histopathologic diagnosis for renal mass(es) 
(e.g., benign vs. malignant neoplasm, RCC vs. 
urothelial carcinoma)

• Surgical margin status during partial nephrec-
tomy

• Histopathologic diagnosis of extrarenal masses 
or enlarged lymph nodes during nephrectomy

Assessment of Solid Renal Masses

RCCs are typically treated by radical or partial 
nephrectomy. Large neoplasms are occasionally 
pretreated with renal artery embolization prior to 
nephrectomy in an attempt to reduce the vascular-
ity of the tumor and subsequent blood loss during 
surgery. Following this procedure, an extensive 
infarct-type necrosis of the tumor is often seen. 
RCC can also be successfully treated by cryoab-
lation or radiofrequency ablation in highly selec-
tive patients. Needle core biopsies for diagnosis 
of renal masses are increasingly used in recent 

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_31,
© Springer Science+Business Media New York 2015



402 H. Miyamoto and S. S. Shen

years for treatment decision; consequently, speci-
mens are often diagnosed on permanent section.

Angiomyolipoma, one of the most common 
benign renal neoplasms, is often diagnosed pre-
operatively by identifying its fatty component 
on imaging studies, although it can be difficult 
to distinguish a fat-poor angiomyolipoma from a 
RCC [1]. Similarly, it may also be difficult to dis-
tinguish an angiomyolipoma from clear cell RCC 
or oncocytic renal neoplasm on frozen section 
(Fig. 31.1). Only a minority of renal oncocytoma 
can be recognized by a characteristic central scar 
that is neither frequent nor specific.

An incisional biopsy of a renal lesion may be 
submitted for intraoperative consultation when 
the diagnosis may result in changes in the treat-
ment procedure (e.g., partial nephrectomy for a 
benign condition vs. radical nephrectomy for a 
RCC). In this setting, the entire biopsy specimen 
should be embedded for frozen section assess-
ment (FSA), and multiple levels should be pre-
pared if the diagnosis is in doubt.

During radical nephrectomy, there are usually 
no immediate management issues at stake. If the 
surgeon requests an intraoperative consultation, 
gross examination is often all that is necessary. 
If the macroscopic findings are equivocal (e.g., 
cystic RCC vs. complex benign cyst with sec-
ondary hemorrhage and fibrosis; see below), it is 
best to defer the diagnosis to permanent sections 
instead of performing multiple FSAs to seek for 

a definitive diagnosis. On frozen section, it can 
be very difficult to render a definitive histologic 
diagnosis for a renal neoplasm with prominent 
clear cells (Fig. 31.2) or papillary growth pat-
tern. Similarly, renal oncocytomas often show 
characteristic gross findings (i.e., well circum-
scribed, unencapsulated, mahogany brown, and 
no necrosis). However, the gross diagnosis of 
oncocytoma should be provisional. Even when a 
FSA is  performed, clear cell RCC with prominent 
granular cells and eosinophilic variant of chro-
mophobe RCC can have prominent oncocytic 
features mimicking oncocytoma.

FSA during radical nephrectomy can be jus-
tified in certain situations, including a possibil-
ity that the neoplasm is a high-grade urothelial 
carcinoma forming a mass and thus mimicking 
a RCC; it is important to make this distinction 
because the surgeon will proceed with converting 
the surgical procedure to a nephroureterectomy if 
a diagnosis of urothelial carcinoma is rendered. 
Even though the value of an extended lymphad-
enectomy remains controversial, some surgeons 
may choose to perform an extended lymph node 
dissection when the RCC is of high grade or if 
there are other poor prognostic features, such as 
a sarcomatoid component. For a RCC, if grading 
is requested, the surgeon should be informed that 
there is a possibility of undergrading because of 
tumor heterogeneity as well as the limitations of 
FSA that make it difficult to precisely determine 

 

Fig. 31.1  Frozen section of a renal angiomyolipoma 
mimicking oncocytic renal cell neoplasms. Original mag-
nification × 200

Fig. 31.2  Frozen section of a clear cell renal cell carci-
noma which can be mistaken for a chromophobe renal cell 
carcinoma. Original magnification × 100
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the nuclear size and/or presence of prominent nu-
cleoli. Multiple selective sections from different 
areas of the tumor may be helpful in this setting.

Assessment of Cystic Renal Masses

Up to 15 % of renal tumors are predominantly 
cystic. Cystic change can easily be recognized on 
imaging and is often graded using the Bosniak 
classification that helps to determine malignant 
risk of renal cysts on the basis of their appearance 
and enhancement on computed tomography [1]. 
Treatment varies, and the surgeon may request a 
FSA to guide the extent of resection particularly 
when renal parenchymal sparing is of critical im-
portance.

The specimen submitted for FSA is often 
a wedge biopsy of the cyst wall. The entire 
 specimen should be embedded for FSA. The dif-
ferential diagnosis includes a simple cyst with su-
perimposing hemorrhage and/or infection, cystic 
nephroma/mixed stromal and epithelial tumor of 
the kidney, and RCC with marked cystic change.

Assessment of Surgical Margins 
During Partial Nephrectomy

Partial nephrectomy recently has become the 
preferred treatment for all stages of T1a RCCs 
and some T1b tumors [2, 3]. It provides not 
only adequate long-term oncologic outcomes, 
when comparing with radical nephrectomy [2, 
4], but also preservation of renal function. This 
procedure is particularly indicated for patients 
with: (1) a solitary kidney; (2) bilateral kidney 
disease; (3) a genetic predisposition to multiple 
synchronous or metachronous tumors such as 
von Hippel–Lindau disease, tuberous sclerosis, 
hereditary papillary renal carcinoma syndrome, 
and Birt–Hogg–Dubé syndrome; and (4) benign 
renal tumor such as angiomyolipoma, cystic ne-
phroma, or mixed epithelial and stromal tumor 
of the kidney.

The partial nephrectomy specimen is often 
submitted for evaluation of its surgical margins. 
Two types of specimens are submitted for FSA 

to assess surgical margins: an entire partial ne-
phrectomy specimen and a biopsy of the tumor 
bed. In general, a 1-cm margin of normal tissue is 
optimal for RCC, but narrower yet negative mar-
gins do not appear to affect patient outcomes. It 
has also been shown that positive surgical mar-
gins in partial nephrectomy specimens may not 
be clinically significant, and patients with posi-
tive margin do not commonly seem to develop 
long-term recurrence [5, 6]. Benign neoplasms 
can be excised with very narrow margins. In a 
recent study by one of the authors comparing 
partial nephrectomy cases with ( n = 293) versus 
without ( n = 140) intraoperative consultation, 
the FSA was shown to significantly reduce the 
incidence of positive margins from 17.0 to 4.3 % 
( P < 0.001) yet failed to affect recurrence-free 
survival overall [7]. Nonetheless, this study sug-
gested the usefulness of FSA in select patients 
because FSA was associated with improved sur-
vival in those who had pT1 or exophytic tumors 
and underwent laparoscopic partial nephrectomy.

Partial nephrectomy specimens should be 
inked to indicate the renal parenchymal margin 
and sectioned perpendicular to the margin to de-
termine the relationship of the tumor to the inked 
margin. When the mass is grossly far (> 1 cm) 
from the resection margin, a section from an area 
closest to the tumor can be taken. If the mass is 
closer to the inked margin, we recommend taking 
one or more perpendicular sections of the tumor 
including the nearest margin, in case a carcinoma 
shows microscopic extension beyond the grossly 
visible lesion. Sections taken perpendicular to the 
margin also allow the pathologist to measure and 
report the distance between the carcinoma and 
the margin.

The following pitfalls may be encountered 
when evaluating margins of partial nephrectomy 
specimens:

• Compressed, atrophic renal tubules at the 
periphery of the tumor may be distorted/
crushed and show reactive nuclear atypia and 
other changes that may suggest the possibil-
ity of a low-grade RCC at the surgical margin 
(Fig. 31.3). However, the presence of glom-
eruli and mixture of tubules provides evidence 
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for the nonneoplastic nature of these changes. 
Low-grade RCCs are composed of solid nests, 
tubules with monotonous population of neo-
plastic cells.

• It is sometimes difficult to distinguish normal 
proximal renal tubules from an oncocytoma 
(Fig. 31.4) or RCC with a tubular growth 
pattern, especially for a pathologist who has 
not reviewed the gross specimen. Since the 
majority of oncocytomas and most of low-
grade RCCs are well circumscribed, a corre-

lation between macroscopic and microscopic 
findings should resolve this problem in most 
cases.

Assessment of Nephroureterectomy 
Specimens

The diagnosis of urothelial carcinoma of the 
 kidney is made on the basis of cytologic and 
histologic findings in addition to clinical and 
 radiological data. For renal pelvic urothelial car-
cinoma, the choice of treatment is radical nephro-
ureterectomy, which eliminates any potential 
urothelialneoplasia on the ipsilateral ureter. 
However, the clinical diagnosis is occasionally 
inconclusive; for example, it may be difficult to 
distinguish an urothelial carcinoma close to the 
medulla of the kidney from variants of RCC that 
affect the medulla, such as collecting duct carci-
noma. In this situation, the surgeon may choose 
to perform ureteropyeloscopy or proceed with 
nephrectomy and have the pathologist examine 
the specimen intraoperatively. Frozen section di-
agnosis of urothelial carcinoma can be very chal-
lenging (Fig. 31.5). Histopathologic features in 
favor of urothelial carcinoma include papillary 
tumor involving the pelvocaliceal system, solid 
nests, squamous differentiation, and marked des-
moplastic stromal reaction, but its definitive di-

Fig. 31.5  Frozen section of a renal urothelial carcinoma 
showing diffuse infiltration of tumor cells. A definitive di-
agnosis of invasive urothelial carcinoma may be difficult 
on a single frozen section. Original magnification × 100

 

Fig. 31.4  Frozen section of a renal parenchyma with 
oncocytoma. Renal proximal tubules can be easily inter-
preted as oncocytoma. Looking for the presence of glom-
eruli and a mixture of tubules with abundant eosinophilic 
cytoplasm or scant cytoplasm will be helpful to confirm 
normal renal tubules. Original magnification × 20

 

Fig. 31.3  Frozen section of a normal kidney with a mix-
ture of proximal and distal tubules which may mimic an 
oncocytoma in a small biopsy. Original magnification 
× 200
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agnosis relies on the identification of urothelial 
carcinoma in situ or papillary urothelial carci-
noma in the adjacent pelvocaliceal system or ure-
teropelvic junction (Fig. 31.6). Therefore, proper 
sampling of tumor tissue for frozen section is 
critical for a definitive diagnosis.

The surgeons may also request intraoperative 
evaluation of the specimen, including FSA of the 
distal ureteral margin because of synchronous 
multifocality of in situ and invasive carcinomas.

The nephroureterectomy specimen consists of 
the kidney, perirenal adipose tissue, Gerota’s fas-
cia, the entire ureter, and a cuff of bladder wall. 
The kidney should be bivalved through the py-
elocalyceal system with the help of a probe. If 
the gross features arecharacteristic of urothelial 
carcinoma, there is no reason to perform confir-
matory FSA of the tumor. If, on the other hand, 
the nature of the neoplasm is not clear on gross 
examination, sections should be taken from the 
periphery of the mass as well as from the calyceal 
tissue that shows mucosal abnormalities. The lat-
ter areas are more likely to show recognizable 
urothelial carcinoma even if the main mass is a 
poorly differentiated carcinoma [8].
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Introduction

Renal cell carcinoma (RCC), a group of heteroge-
neous tumors arising from the epithelium of the 
renal tubules, accounts for greater than 90 % of 
all malignancies in the adult kidney. Classified ac-
cording to the 2004 World Health Organization cri-
teria, these tumors have unique clinical and patho-
logical features [1]. Cytogenetic and molecular 
studies have also demonstrated that each histologi-
cal subtype demonstrates specific genetic changes. 
Although different histological subtypes of RCC 
demonstrate unique pathogenesis and genetic al-
terations, the impact of histological subtypes on 
prognosis remains controversial [2]. In view of 
specific genomic and epigenetic alterations associ-
ated with a specific RCC subtype, implementation 
of genetic and epigenetic markers in the manage-
ment of RCC might become helpful in the future.

Genetic Alterations and Pathogenesis

Clear cell RCC (CCRCC) is the most common 
subtype, accounting for 60–75 % of RCCs. The 
most common and characteristic genetic change in 
CCRCC is an alteration of the short arm of chro-

mosome 3 (−3p, > 90 %), followed thereafter by 
changes in other chromosomal regions, including 
5q, 6q, 8p, 9p, 10p, and 14q [3]. Biallelic inacti-
vation, such as by loss of one 3p arm and muta-
tions on the second chromosome 3, is a key event 
in the tumor development of CCRCC. Additional 
chromosomal aberrations are often associated with 
tumor progression. At least three regions harbor-
ing several different genes on 3p have been im-
plicated, including the von Hippel–Lindau ( VHL) 
gene on 3p25-26, the FHIT gene on 3p11-12, and 
the RASSF1Aand DRR1 genes on 3p21-22. VHL 
functions as a tumor suppressor and plays a criti-
cal role in the hypoxia-inducible factor (HIF) path-
way. Mutations in the VHL gene lead to increased 
activation of the HIF pathway and its downstream 
target genes such as vascular endothelial growth 
factor ( VEGF), platelet-derived growth factor 
( PGDF), epidermal growth factor ( EGF), carbon-
ic anhydrase ( CAIX), Glut-1, and erythropoietin. 
These genes act in concert to promote deregulated 
epithelial proliferation and angiogenesis and there-
fore appear to contribute to the pathogenesis of 
CCRCC. The majority of CCRCCs are sporadic, 
with less than 5 % occurring in patients with inher-
ited cancer syndromes such as von Hippel–Lindau 
disease, tuberous sclerosis, and constitutional 
chromosome 3 translocation syndrome.

Papillary RCC (PRCC) accounts for 10–15 % 
of RCCs. Gain of chromosomes 7 and 17 and 
loss of Y chromosome are the most common 
cytogenetic changes [4]. Additional gain of chro-
mosomes 3, 12, 16, 20, and other chromosomes 
is often associated with tumor progression.  
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The responsible genes that underlie several he-
reditary forms of PRCC have been identified 
including c-Met gene mutations (7q31) in he-
reditary papillary renal cell carcinoma syndrome 
(HPRCC) and fumarate hydratase (FH) muta-
tions (1q42) in hereditary leiomyomatosis/renal 
cell carcinoma syndrome (HLRCC). Gain-of-
function mutations in c-MET result in altered cel-
lular processes related to renal papillary carcino-
genesis, although these mutations are uncommon 
in sporadic PRCC. Fumarate hydratase functions 
as an enzyme that converts fumarate to malate in 
the tricarboxylic acid cycle. Recent studies sug-
gest that fumarate hydratase also regulates the 
stability of hypoxia-inducible factors (HIFs) and 
may therefore play a role in renal carcinogenesis.

Chromophobe RCC (ChRCC) accounts for 
5 % of RCC. It frequently has multiple complex 
chromosomal losses, including Y, 1, 2, 6, 10, 
13, 17, and 21 [5]. Renal oncocytoma, a benign 
tumor that may bear morphological resemblance 
to chromophobe RCC, is characterized by al-
terations involving chromosome 11q, partial 
or complete losses of chromosomes 1 or 14, or 
a sex chromosome (Y or X). ChRCC and renal 
oncocytoma share some cytogenetic similarity, 
although the former typically demonstrates more 
complex karyotypic alterations than the latter. 
Patients with Birt–Hogg–Dube syndrome, the 
gene for which is mapped to 17p11.2, often de-
velop ChRCC, oncocytoma, and hybrid tumors 
with features of both ChRCC and oncocytoma.

Recently, several distinct RCCs with chromo-
somal translocations involving the TFE3 gene at 
Xp11.2 and TFEB gene at 6p21 have been de-
scribed [6]. The translocation results in overex-
pression of fusion proteins that harbor the DNA-
binding domains from TFE3 and TFEB, and this 
overexpression has been hypothesized to function 
in the pathogenesis of this unique class of RCC.

Epigenetic Alterations in RCC

DNA Methylation

DNA methylation, a covalent chemical modifica-
tion resulting in addition of a methyl group at the 

carbon 5 position of the cytosine ring in CpG di-
nucleotides, is one of the most consistent epigen-
etic changes occurring in human cancer. Morris 
et al. [7], in a genomewide methylation analysis, 
found a significant correlation between tumor 
suppressor gene SCUBE3 DNA methylation 
and an increased risk of cancer death or relapse 
in RCC patients. In addition, aberrant promoter 
methylation of DLEC1 (a tumor suppressor gene 
at 3p22) is associated with more advanced tumor 
stage and higher grade [8]. Methylation of mi-
croRNA genes miR-9-1 and miR-9-3 is associ-
ated with RCC tumor recurrence and decrease in 
recurrence-free survival time [9].

DNA Hypomethylation

Carbonic anhydrase IX (CAIX) is a transmem-
brane glycoprotein that may be involved in cell 
transformation and proliferation. DNA hypo-
methylation of the CAIX gene has been shown to 
participate in the activation of its promoter activ-
ity in RCC cell lines and clinical tissue samples 
[10, 11].

Histone Modification and Chromatin 
Remodeling

Little data on histone modification and prognosis 
of RCC patients have been published. Ellinger 
et al. [12] evaluated histone H3 lysine 4 mono-
methyl (H3K4me1), di-methyl (H3K4me2) and 
trimethyl (H3K4me3) patterns in renal cell carci-
noma (RCC) using a tissue microarray with 193 
RCC (including 142 clear cell, 31 papillary, 10 
chromophobe, and 10 sarcomatoid RCCs) and 10 
oncocytoma specimens. H3K4me3 staining was 
more intense in papillary RCC, whereas H3K-
4me1 and H3K4me2 were similar in the diverse 
RCC subtypes. H3K4me1–3 levels were inverse-
ly correlated with Fuhrman grading, pT stage, 
lymph node involvement, and distant metastasis. 
Progression-free survival and cancer-specific 
survival were shorter in patients with low levels 
of H3K4me1–3 in the univariate analysis, but 
they did not observe a significant correlation of 
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a single modification in a multivariate model, 
which also included the established prognos-
tic parameters TNM stage and Fuhrman grade. 
In comparison, the H3K4me score, which com-
bined staining levels of the H3K4 modifications, 
was an independent predictor of RCC progres-
sion-free survival. Studies from this group also 
showed that H3 lysine 27(H3K27) methylation 
levels were inversely correlated with Fuhrman 
grading and pT stage. Progression-free survival 
was shorter in patients with lower levels of H3K-
27me1 and H3K27me3 in the univariate analysis 
[13].

Recent studies identified several frequent 
mutations of histone modifying and chromatin 
remodeling genes in CCRCC. These include 
PBRM1, a subunit of the PBAF AWI/SNF chro-
matin remodeling complex [14], ARID1A, a sub-
unit of the BAF AWI/SNF chromatin remodeling 
complex [15], histodeubiquitinase BAP1 [16, 17], 
histone demethylase KDM5C [18], and histone 
methyltransferase SETD2 [19]. Most mutations 
of these chromatin modulators discovered in 
CCRCC are loss of function, implicating major 
roles for epigenetic regulation of additional func-
tional pathways participating in the development 
and progression of these diseases. Clinical data 
have shown these mutations are associated with 
advanced stage, grade, and tumor invasion [20, 
21].

MicroRNA Expression

MicroRNAs (miRNAs), non-coding RNAs regu-
lating gene expression, are frequently aberrantly 
expressed in human cancers. To date, there are 
more than 100 publications on microRNA ex-
pression and RCC diagnosis, recurrence, and 
metastasis. Several panels/clusters of miRNAs 
have been proposed to predict the recurrence and 
metastatic potentials of RCC. It is interesting to 
note that as miRNA can be easily detected and 
quantified in blood, serum assays based on these 
metastasis-associated miRNAs may be of value. 
However, further studies in larger patient cohorts 
are necessary to validate the potential value of 
microRNA as prognostic biomarkers.

Diagnostic Markers and Applications

Chromosome 3p Alterations

The loss of DNA sequences on chromosome 3p 
is one of the primary and most frequent events 
in the pathogenesis of CCRCC [22]. Loss of 
heterozygosity (LOH) and comparative genetic 
hybridization (CGH) analyses of CCRCCs have 
revealed that allelic (interstitial) losses predomi-
nantly occur in the chromosome 3p21 region 
in combination with either 3p25 or 3p13-14, or 
with both, and these allelic losses are restricted 
to CCRCC. Chromosome 3p alterations are ob-
served in over 96 % of sporadic and hereditary 
RCC. Deletion of 3p is the only karyotypic find-
ing in 15 % of non-papillary RCC and in RCC as 
small as 1 mm. Even the sarcomatoid component 
of CCRCC retains characteristic 3p alterations. 
Chromosome 3p alteration is detected in only 8 % 
of papillary RCC; however, those PRCCs have 
cytological characteristics of CCRCC. Therefore, 
loss of 3p is highly specific for CCRCC, and the 
presence of 3p alteration can provide support for 
a diagnosis of CCRCC. Detection of 3p changes 
can be accomplished by conventional cytogenet-
ics, LOH using probes mapped to 3p regions, and 
CGH.

Quantification of Chromosomes 7, 17

PRCC often demonstrates chromosomal gain, 
most frequently gain of chromosomes 7 and 
17, which are present in 68–75 and 67–80 % of 
PRCC, respectively [4, 23]. However, trisomy 7 
is also a common finding in several other human 
cancers and in 18–30 % of non-papillary RCC, 
normal renal cells, and several non-malignant 
conditions. Therefore, trisomy 7 is, by itself, not 
specific for PRCC. In contrast, a non-random 
gain of chromosome 17 is uncommon in other 
forms of RCC (present in 2.6 % of CCRCC) and 
other human cancers and, therefore, is a genetic 
finding fairly specific to PRCC.

Quantification of chromosomes 7 and 17 can 
be accomplished by cytogenetic study, com-
parative genomic hybridization (CGH), and 
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fluorescence in situ hybridization (FISH). FISH 
can be conveniently performed on formalin-
fixed, paraffin-embedded tissues using centro-
meric probes for chromosomes 7 and 17. Brown 
et al. [24] described a method to isolate intact 
nuclei from paraffin sections. The majority of 
the published studies have used tissue sections 
of 4–8 μm in thickness. To account for the po-
tential nuclear truncation artifact that may affect 
the chromosomal copy counts on formalin-fixed, 
paraffin-embedded tissue sections, a normal 
range is established based on the copy counts of 
chromosomes 7 and 17 in the adjacent normal 
kidney tissue.

TFE3, TFEB, and RCC Associated with 
MITF/TFE Gene Translocation

Some RCCs are associated with chromosomal 
translocations involving specific genes. RCC as-
sociated with Xp11.2 translocation/TFE3 gene 
fusion is defined by chromosomal transloca-
tion involving the TFE3 gene on chromosome 
Xp11.2, resulting in the overexpression of the 
TFE3 protein, a member of the MITF/TFE tran-
scriptional factor family [6]. The translocation 
partner genes include PRCC on 1q21, ASPL on 
17q25, PSL on 1p34, NonO on Xq12, and CLTC 
on 17q23. These carcinomas typically affect 
children and young adults. Although RCC ac-
counts for less than 5 % of pediatric renal tumors, 
Xp11.2-associated RCCs make up a significant 
proportion of these cases. The RCC involving 
ASPL-TFE3 translocation characteristically pres-
ents at an advanced stage and also with lymph 
node metastasis. The morphology varies slightly 
with different chromosomal translocations; how-
ever, the most distinctive histological feature is 
the presence of papillary structures lined with 
clear cells.

Molecular genetic analysis for the chromo-
somal translocation involving the TFE3 gene 
provides the most definitive evidence. Immuno-
histochemical stains for the TFE3 protein, on the 
other hand, offer a simple, sensitive, and specific 
assay for the Xp11-translocation RCC on forma-
lin-fixed and paraffin-embedded tissues. As it is  

tightly regulated in normal tissues, TFE3 is unde-
tectable on routine immunohistochemistry even 
though it is a ubiquitously expressed nuclear 
transcriptional factor. TFE3 fusion proteins, 
in contrast, are overexpressed in Xp11 trans-
location RCC and can therefore be detected by 
immunohistochemical staining. Argani et al. [25] 
reported that the TFE3 protein could be detected 
by immunohistochemistry in 20/21 (95.2 %) of 
Xp11.2 translocation RCC confirmed molecular-
ly. The only case that was negative for TFE3 was 
fixed in Bouin’s fixative. It is known that TFE3 
protein is labile and its antigenicity is affected by 
fixation, with more intense staining at the periph-
ery of the tissue section. However, TFE3 immu-
nostaining is not entirely specific for the Xp11.2 
translocation RCC, as positive staining can be 
detected in 29 % of perivascular epithelioid cell 
tumor (PECOMA) of soft tissue and gynecologi-
cal tract, and rarely in other tumors, including 
adrenal cortical carcinoma, granular cell tumor, 
bile duct carcinoma, and high-grade myxofibro-
sarcoma [26].

Another variant of RCC harbors a t(6;11)
(p21;q12) translocation that results in over-
expression of TFEB transcriptional factor on 
6p21, another member of the MITF/TFE family. 
Similar to Xp11.2 translocation RCC, RCC as-
sociated with TFEB also predominantly affects 
children and young adults. The characteristic 
morphology includes a biphasic population of 
larger and smaller epithelioid cells, with the lat-
ter typically clustered around hyaline basement 
membrane material. The diagnosis can be con-
firmed by the immunohistochemical stain for 
TFEB protein, which is both sensitive and spe-
cific for RCC associated with TFEB, as it is not 
detectable in other neoplasms and normal tissues. 
More recently, Malouf et al. [27] found genomic 
heterogeneity of translocation RCC (TRCC) that 
included alterations common with clear cell RCC 
(e.g., 3p loss) and papillary RCC (e.g., trisomy 7 
and/or 17). When compared with young patients 
(< 18 years), adults with TRCC displayed distinct 
genomic and epigenetic aberrations, exemplified 
by lower LINE-1 methylation and frequent 17q 
partial gain, which were consistent with a large-
scale dosage effect affecting RCC carcinogenesis.  
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The results show that besides TFE3/TFEB trans-
locations, TRCC shares alterations commonly 
present in other RCC histological subtypes, and 
these are associated with patient outcomes.

Mutations in c-Met, Fumarate 
Hydratase, and Folliculin Genes

Less than 5 % of RCC patients are afflicted with 
an inherited cancer syndrome. Age of onset in 
these patients is variable, although most tend 
to occur at an earlier age. Each of the inherited 
cancer syndromes predisposes patients to dis-
tinct subtypes of RCC [28]. Renal involvement 
can range from solitary lesions to bilateral and 
multifocal tumors. Patients may also have char-
acteristic extrarenal manifestations. Family his-
tory, early onset, bilateral, and multifocal renal 
involvement should arouse suspicion for a hered-
itary renal cancer syndrome. Von Hippel–Lindau 
disease will be discussed later in this chapter. 
Three other entities will be mentioned briefly, in-
cluding hereditary papillary renal cell carcinoma 
syndrome (HPRCC), hereditary leiomyomatosis/
renal cell carcinoma (HLRCC), and Birt–Hogg–
Dube syndrome (BHD), and will be covered 
more extensively in Chap. 29. Molecular assays, 
including DNA sequencing, are used to detect the 
germline mutations in these genes in suspected 
patients, as immunohistochemical assays are not 
useful in this setting.

HPRCC is caused by mutations in c-MET pro-
to-oncogene, which occupies a 110-kb genomic 
region on 7q31–34 and consists of 20 exons, 
encoding a protein that belongs to the tyrosine 
kinase receptor superfamily. Alteration in c-MET 
function is mostly through germline mis-sense 
mutations, which are restricted to exons 16–19, 
the receptor tyrosine kinase domain that is ho-
mologous to those in the c-kit, and RET proto-
oncogenes that are linked to other malignancies. 
In similar fashion, missense mutations within 
exons 16–19 of c-MET lead to constitutive acti-
vation of the tyrosine kinase. Such mutations of 
the c-Met gene are infrequent in sporadic PRCC. 
Besides these germline missense mutations, tu-
mors in HPRCC also demonstrate trisomy 7. 

Interestingly, although sporadic PRCC is charac-
terized by trisomies in chromosomes 7 and 17, 
and loss of Y chromosome in men, only trisomy 
7 is consistently found in HPRCC tumors.

HLRCC is an autosomal dominant disease. 
Its gene, fumarate hydratase (FH), is mapped 
to 1q42.3–43 and contains 10 exons that encode 
fumarate hydratase (FH), a 511–amino acid en-
zyme that converts fumarate to malate in the 
tricarboxylic acid cycle. HLRCC is genetically 
heterogeneous and up to 50 different mutations 
have been discovered in this syndrome. The most 
common germline mutations are missense muta-
tions in FH, although truncation and whole-gene 
deletion have also been observed. Biallelic inac-
tivation has been found in nearly all uterine leio-
myomas and papillary RCC. Alterations in FH 
have not been detected in multiple types of spo-
radic malignant tumors, and no association has 
been found between the type or site of mutation 
in FH and clinical phenotypes of HLRCC.

Linkage analysis has mapped BHD to 17p11. 
The gene product, folliculin, is conserved across 
murine, Drosophila, and Caenorhabditiselegans. 
In BHD, mutations have been located along the 
entire length of the coding region of the follicu-
lin gene, with the majority of the mutations pre-
dicted to truncate the protein. However, a hotspot 
mutation consisting of an insertion/deletion of a 
cytosine in a C8 tract in exon 11 has been identi-
fied. Among patients with this hotspot mutation, 
significantly fewer renal tumors were observed 
in patients with the C-deletion than those with 
the C-insertion mutation. No mutations in the 
folliculin gene have been found in sporadic chro-
mophobe RCC and renal oncocytomas.

Gene Expression Profiles

Recent studies have demonstrated that different 
RCC subtypes are readily distinguishable with 
gene expression profiling. Furthermore, unsu-
pervised hierarchical clustering can classify renal 
tumors according to the appropriate histologi-
cal subtypes and clinical outcomes. This excep-
tional discriminatory ability makes gene expres-
sion profiling potentially an excellent diagnostic 
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tool; however, DNA-microarray-based tests face 
many challenges that need to be overcome, in-
cluding technical, instrumental, computational, 
and interpretative factors, before the gene expres-
sion profiling tests can be reliably applied to aid 
routine diagnosis and clinical decision making. 
A major concern about gene expression profiling 
has been the lack of reproducibility and accuracy. 
Future work should focus on establishing a set 
of consensus quality assurance and control cri-
teria for assessing and ensuring data quality, to 
identify critical factors affecting quality, and to 
optimize and standardize microarray procedure.

Meanwhile, molecular analysis of a limited 
number of genes that were chosen based on the 
molecular pathways involved in the pathogenesis 
of different RCC subtypes has been shown to be 
able to accurately classify RCC subtypes. Chen 
et al. [29] used quantitative RT-PCR to amplify 4 
genes (CAIX, AMACR, parvalbumin, and chlo-
ride channel KB (CLCNKB)) and found that the 
mRNA ratios among these genes (i.e., CAIX/
AMACR and AMACR/CLCNKB) accurately 
classified renal tumors into distinct histologi-
cal subtypes, although some oncocytomas and 
ChRCC could not be reliably distinguished.

Prognostic/Predictive Markers

VHL Gene Alteration

The alteration of the VHL gene as the result of 
gene mutation, deletion, and methylation in the 
majority of CCRCC patients, in addition to pre-
dicting possible clinical efficacy of agents target-
ing the VHL pathway, has directed recent efforts 
to the prognostic significance of the VHL path-
way. The status of the VHL gene can be examined 
by direct gene sequencing, loss of heterozygosity 
(LOH) analysis of 3p25 region, and methylation-
specific PCR of the promoter region. One study 
found that alteration of the VHL gene is an in-
dependent prognostic factor associated with im-
proved cancer-free survival and cancer-specific 
survival, especially in high-stage (stage II and III) 
and high-grade (G3 or higher) CCRCC [30, 31]. 
However, two other studies found that patients 

with “loss of function” mutations have a signifi-
cantly worse prognosis [32, 33]. These studies, 
however, are limited by the small number of pa-
tients, short follow-up time, and low rate of RCC-
specific death. In addition, no study has evaluated 
whether VHL alteration could predict response 
to cytokine or VEGF-targeted therapy. Currently, 
the prognostic significance of VHL gene status is 
best regarded as preliminary, and validation on a 
large number of prospective patients is required.

Carbonic Anhydrase IX (CAIX)

CAIX is an enzyme that regulates intracellular 
pH as well as the transfer of CO2 across the renal 
tubules. CAIX is regulated by HIF, and its ex-
pression reflects the status of the associated HIF 
and VHL pathways. By immunohistochemistry, 
CAIX expression is found almost exclusively in 
the CCRCC subtype of renal tumors. Using a cut-
off of CAIX expression in > 85 % of tumor cells, 
one study of metastatic RCC found patients with 
high CAIX expression to have significantly better 
survival than patients with lower CAIX expres-
sion, independent of other known prognostic fac-
tors. Such favorable prognosis associated with 
high CAIX expression, however, is not seen in 
non-metastatic RCC patients [34]. Although these 
findings need to be validated in a large prospec-
tive study, the lack of a commercially available 
form of monoclonal antibody used in the pub-
lished studies may lead to barriers in results com-
parison. However, the use of CAIX polyclonal 
antibodies available from several manufacturers 
may prove useful in future prospective studies on 
examining the role of CAIX utility. In addition, 
findings from prior studies have indicated that pa-
tients with high CAIX expression are more likely 
to respond to interleukin-2 therapy, which empha-
sizes the critical importance of well-designed pro-
spective studies on CAIX expression [35].

Gene Expression Profiling

Gene expression profiling by various array-based 
techniques provides a high-throughput approach 
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to analyze the expression of tens of thousands 
of genes simultaneously. Expression of specific 
groups of genes, or gene expression profiles, can 
then be correlated with pathological diagnosis, 
clinical outcomes, or therapeutic response.

A number of gene expression profiling stud-
ies have identified a large number of potentially 
important prognostic markers that can be used to 
supplement or further refine the staging system 
and outcome prediction models that are currently 
in use. Takahashi et al. [36] conducted a study on 
29 CCRCC and found that the expression profile 
of 40 genes clearly segregated tumors into two 
groups with different 5-year survivals. Vasselli 
et al. [37] also showed that a panel of 45 genes 
could stratify 58 uniformly staged metastatic 
RCCs into two distinct prognostic groups. A very 
recent comprehensive molecular characterization 
of CCRCC by The Cancer Genome Atlas research 
network [21] has shown that aggressive CCRCC 
demonstrated evidence of metabolic shift, in-
volving downregulation of genes involving TCA 
cycle, decreased AMPK and PTEN protein level, 
upregulation of the pentose phosphate pathway 
and the glutamine transporter gene, increased 
acetyl-CoA carboxylase protein, and altered 
promoter methylation of miR-21 and GRB10. 
Therefore, clinically validated gene expression 
profiling could be potentially used to identify a 
subgroup of patients with a distinct prognosis 
that otherwise would not be distinguished using 
current staging systems.

It is worthwhile to note that implementation 
of multiplex biomarkers has not been achieved. 
Independent replication of microarray-derived 
predictive gene signatures has also proven to 
be difficult. One possible explanation is sample 
selection including interethnic variability. It has 
also been suggested that intratumoral heteroge-
neity and sample bias may explain the difficulties 
in the validation of biomarkers [38].

Cytogenetics

Many cytogenetic and chromosomal abnor-
malities have been described in RCC, some of 
which are prognostically relevant. Besides tumor  

type-specific genetic abnormalities, such as alter-
ation of 3p in CCRCC and gain of chromosomes 
7 and 17 in PRCC, additional chromosomal aber-
rations are often associated with tumor progres-
sion. Loss of chromosome 14q correlates with 
higher stage and nuclear grade and worse clinical 
outcomes in patients with CCRCC [39]. A high 
incidence of allelic loss of 9p21 and 9p22-23, re-
vealed by LOH and CGH, has been identified in 
CCRCC and is associated with advanced patho-
logical stage, high nuclear grade, and poor clini-
cal outcome. Deletions at 9p21 are also associ-
ated with tumor progression in PRCC. Similarly, 
LOH at 9p13 is associated with short survival, 
independent of grade and stage [40].

While these cytogenetic abnormalities pro-
vide insight into the molecular mechanisms in 
the progression of RCC, they are unlikely to 
evolve into routine prognostic tests, as karyotyp-
ic analysis requires fresh tumor tissue and tissue 
culture, and LOH and CGH assays are not rou-
tinely performed in most laboratories. Candidate 
genes mapped to these loci, however, can be as-
sayed for their expression and prognostic value 
using much simpler techniques, such as PCR and 
immunohistochemistry, after they are identified.

Summary

Tremendous advances have been made in the ge-
netics and epigenetics of RCC. These include the 
elucidation of characteristic cytogenetic changes, 
specific gene alterations in RCC subtypes, and 
identification of new RCC variants. New tech-
nology such as gene expression profiling and tis-
sue microarray has made high-throughput identi-
fication and validation of molecular diagnostic, 
prognostic, and therapeutic markers possible. It 
is hoped that in the future, a classification based 
on the molecular and genetic characteristics of 
the different subtypes of RCC will provide not 
only more accurate pathological classification, 
but also better prognostic and therapeutic in-
formation. In addition, such findings may help 
design more specific, genetically based thera-
peutic strategies [41, 42]. Ultimately, molecular 
markers, coupled with clinical and pathological 
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characteristics, will enable us to predict individ-
ual tumor behavior, to stratify patients into more 
sophisticated risk groups, and to render individu-
alized management and treatment options.
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Introduction

The role of imaging-guided needle biopsies in 
the clinical management of renal masses has 
evolved significantly in the past two decades. 
Advances in modern non-invasive imaging tech-
nologies and their popularity have not only con-
tributed to the increasing detection of renal tu-
mors, largely due to many incidentally detected 
non-symptomatic small renal masses, but also 
allowed more accurate characterization and a 
better distinction of renal neoplasms from other 
benign lesions [1]. Together with advances in in-
tervention techniques and pathologic diagnosis 
of renal tumors, these progresses have prompted 
an augmented role of percutaneous renal biopsies 
in the diagnosis and clinical management of renal 
masses today. The main focus of this chapter is 
to review the changes in implications, accuracy, 
and complications of percutaneous renal needle 
biopsy and to provide a practical approach for the 
pathologic diagnosis of renal tumors from core 
biopsy materials. Fine-needle aspiration (FNA) 
and random biopsy for renal parenchymal dis-
eases or renal transplants are beyond the scope 
of this chapter.

Past and Present

Implications

Before the widespread utilization of modern im-
aging modalities including computerized tomog-
raphy (CT), magnetic resonance imaging (MRI), 
and ultrasonography, patients with renal masses 
often presented with symptoms, and sizes of their 
renal masses were usually large. In that context, 
surgical resection (mostly radical nephrectomy) 
was the standard of care for renal masses, and 
a preoperative histologic diagnosis was usually 
not needed. Consequently, the established indica-
tions for renal core needle biopsies were mostly 
clinical scenarios in which a surgical approach 
might not be necessary, such as when suspicion 
was high for metastasis, lymphoma, or possibly 
a benign lesion (e.g., infection) causing the renal 
mass. Core biopsies were also used to render a 
pathologic diagnosis in patients who had unre-
sectable tumors or were poor surgical candidates.

In recent years, the large number of renal 
masses incidentally discovered by imaging mo-
dalities, the majority of which are small in size 
(< 4 cm), has posed a new clinical challenge. Ad-
vanced CT and MRI imaging technologies often 
provide more confident characterizations of these 
small renal masses, with many being categorized 
as enhancing masses that likely represent true 
renal neoplasms. While surgical management re-
mains the standard of care for renal cancer, data 
from multiple nephrectomy series showed that 
nearly 20 % of the surgically resected tumors 
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could be benign. This ratio of benign tumors 
was even higher in masses smaller than 4 cm, 
and patients with small renal masses in general 
were at low risk for disease progression and poor 
outcome [2–5]. Meanwhile, other non-surgical 
treatment options are emerging for patients with 
renal masses. Percutaneous radiofrequency ab-
lation and cryoablation have been shown to be 
effective therapies in appropriate settings [6]; as 
the majority of small renal masses grow at a slow 
rate, active surveillance can also be a viable op-
tion for some patients [7, 8]. Moreover, consider-
ations of comorbidities and preservation of renal 
function are other reasons that may prevent some 
patients from receiving surgical treatment. As a 
result, whether patients with small renal masses 
should undergo surgical resection has become a 
complex management question [9]. To facilitate 
an informed management decision, percutaneous 
renal core biopsy offers a helpful approach to de-
fine tumor types and provide useful prognostic 
information.

Currently, while the previously established in-
dications for renal needle biopsy still apply, it is 
being increasingly used to differentiate between 
benign and malignant neoplasms for patients 
with small, incidentally identified renal masses 
and to provide the histologic subtyping of prima-
ry renal neoplasms to allow a better assessment 
of the risks and benefits of various surgical or 
non-surgical treatment options. With the advent 
of systemic targeted therapies for patients with 

locally advanced or metastatic renal cancer, nee-
dle core biopsy has also been increasingly used to 
guide selection of specific therapeutic regimens 
(Table 33.1).

Safety

With guidance provided by modern imaging mo-
dalities and improved intervention techniques, 
percutaneous needle biopsy of renal masses is a 
safe procedure today [10, 11]. The most frequent 
complication reported has been bleeding, which 
is usually subclinical and self-limiting. Major 
bleeding that requires a blood transfusion has 
been rare and often can be minimized by cor-
recting coagulation abnormalities and control-
ling hypertension. Hematuria can occur in 5–7 % 
of cases, but is generally also self-limited. Very 
rare events such as pseudoaneurysm and arterio-
venous fistula formation may cause persistent 
bleeding and hematuria, but can usually be man-
aged by embolization if needed. Pneumothorax 
is also rare and can be best avoided using a sub-
costal approach.

Tumor seeding along the needle track has been 
a worrisome concern of renal biopsy. However, 
the risk of seeding has been estimated to be less 
than 0.01 % [12]. There have been only few such 
events reported in the literature, suggesting that it 
is a very rare complication of renal needle biopsy. 
A recent case report emphasizes the importance 
of imaging surveillance of the needle tract used 
by percutaneous biopsy or ablation [13].

Accuracy

The sensitivity and diagnostic accuracy of renal 
needle biopsy has also been improved significant-
ly in recent years. In core biopsy series published 
in the last decade, the sensitivity of renal biopsy 
has ranged from over 70 to 100 %, while the diag-
nostic accuracy has often been superior to 90 % 
[10, 11]. The enhanced sensitivity and accuracy 
are likely consequences of better tumor visual-
ization, improved biopsy technique, increased 
experience with renal core biopsy interpretation, 

Table 33.1  Indications for renal core biopsy for 
patients with renal masses
Established indications
Rule out metastasis of extrarenal primary involving 
kidney
Rule out lymphoma involving kidney
Rule out renal mass caused by a benign condition such 
as infection
Patients with unresectable tumor
Patients with surgical comorbidities
Emerging indications
Distinguish between benign and malignant tumors for 
small renal masses
Define the histologic subtypes of primary renal  
neoplasms for risk assessment and therapy selection
Patients with a renal mass considered for percutaneous 
ablation
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as well as advances in ancillary studies utilized in 
pathologic evaluation.

On the other hand, false-negative results can 
happen because of inappropriate needle place-
ment or obtaining necrotic or scant diagnostic 
tissue. Therefore, an absence of malignant cells 
from a biopsy does not necessarily exclude the 
presence of a malignancy and should be inter-
preted with caution. In this regard, small masses 
(≤ 3 cm) may have higher false-negative rates, 
due to inaccurate targeting and/or insufficient di-
agnostic material obtained, which can be reduced 
by repeat biopsies and a high level of experience 
in the procedure operator and pathologists [14].
Core biopsies and FNA may have complemen-
tary roles as shown in some published series [15, 
16]. Performing an onsite FNA assessment of 
sample adequacy is also likely to help enhance 
the yield of renal needle biopsies.

Histologic Interpretation and Ancillary 
Studies

Consistent with the current clinical indications 
for renal needle biopsies, entities that may be en-
countered for histologic interpretation include a 
wide spectrum of neoplastic and non-neoplastic 
diseases. In addition to renal cell neoplasms, the 
differential considerations should also comprise 
various primary renal tumors such as mixed mes-
enchymal and epithelial tumors, mesenchymal 
tumors, metanephric tumors, and neuroendocrine 
tumors, as well as metastatic malignancies to the 
kidney, tumors arising from adjacent organ sites 
(e.g., adrenal gland, urinary bladder, and retroper-
itoneum), primary or secondary lymphomas, and 
mass-forming benign conditions such as infec-
tion. Similar to resection specimens, the interpre-
tation of renal core biopsy relies on a careful ex-
amination of both the cytologic and architectural 
features of sampled tissue. However, renal core 
biopsies typically only reveal limited diagnostic 
material, which may make the recognition of ar-
chitectural patterns incomplete or inconclusive. 
Given the broad range of histologic features that 
can be seen in a renal core biopsy, a commonly 
utilized interpretation approach is to categorize 

the potential tumors/lesions based on certain cy-
tologic features (e.g., clear vs. eosinophilic) and/
or architectural patterns (e.g., papillary) that are 
discernible even in limited diagnostic material to 
help narrow down the number of entities consid-
ered in the differential diagnosis. While this is a 
very practical approach, one should be aware of 
the fact that a limited sampling by core biopsy 
can be misleading especially when only unusual 
histologic features are revealed. For difficult or 
ambiguous cases, ancillary studies such as a se-
lected panel of immunohistochemical stains are 
often very helpful for establishing a correct diag-
nosis [17]. The main entities in some of these his-
tologic categories as well as ancillary studies are 
briefly discussed below. The commonly utilized 
immunostains for differentiating primary epithe-
lial neoplasms of the kidney are summarized in 
Table 33.2.

Clear Cell Cytology
Clear cell RCC is the most common type of RCC 
and comprises approximately 60 % of all renal 
cortical tumors. In a renal core biopsy mainly 
showing clear cell cytology, clear cell RCC is usu-
ally the top consideration among other differen-
tial diagnoses. Other tumors or tumor-like lesions 
that may exhibit clear cell cytology include clear 
cell papillary RCC, chromophobe RCC, TFE3/
TFEB translocation-associated RCC, papillary 
RCC with focal clear cell areas, adrenal cortical 
tissue/tumor in an ectopic location or being mis-
sampled by the biopsy procedure, angiomyoli-
poma with abundant clear cells, and foamy his-
tiocyte-rich lesions such as xanthogranulomatous 
pyelonephritis [18]. The cytoplasm of clear cells 
in a clear cell RCC or clear cell papillary RCC is 
typically optically transparent, whereas the clear 
cytoplasm in a chromophobe RCC tends to show 
fine granular or fibrillary eosinophilic material. 
The areas of clear cells in a papillary RCC, more 
commonly type 1, often also exhibit cytoplasm 
with focal granular eosinophilia. The clear cells 
seen in adrenal cortical tissue/tumor have a uni-
form, vacuolated bubbly appearance, mimicking 
cells in sebaceous glands (Fig. 33.1a–d).

Clear cell RCC typically comprises solid 
acini or nests of clear cells separated by delicate, 
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intricately branching fibrovascular septa. Tubu-
lar, papillary/pseudopapillary, large alveolar, and 
solid sheet-like growth patterns can also be seen. 
Higher nuclear grade often shows a loose associa-
tion with focal or marked cytoplasmic eosinophilia 
and certain architectures such as solid sheet-like, 
pseudopapillary, or large alveolar patterns. Hya-
linization is a common finding in these tumors. 
In extreme examples, rare clusters of clear cells 
remaining in the hyalinized stroma can be easily 
missed, whereas the rich vasculature in the stroma 
can lead to misinterpretation as a vascular lesion. 
The classical appearance of clear cell RCC, even 
only present in a focal area, would strongly sug-
gest this diagnosis. Diffuse, membranous staining 
of carbonic anhydrase IX (CA-IX) in non-necrotic 
areas is a useful feature to separate clear cell RCC 
from other primary renal cell neoplasms.

Clear cell papillary RCC is characterized by 
tumor cells with uniformly clear cytoplasm and 

low-grade nuclei that are arranged in a linear 
fashion, away from the basal aspect of the cells. 
Although this linear arrangement of nuclei may 
be less apparent in cells with minimal cytoplasm 
in areas showing collapsed tubular/acinar pat-
terns (Fig. 33.2), an appreciation of such features 
even in focal areas would be sufficient to trig-
ger a small panel of immunohistochemical stud-
ies to help distinguish them from a clear cell or 
papillary RCC. The clear cell papillary RCC is 
diffusely positive for CK7, negative for CD10 
and AMACR, while showing a cup-shaped mem-
branous staining pattern for CA-IX (absence of 
staining along the luminal border). Because of 
its overall indolent behavior, clear cell papillary 
RCC is an important diagnosis to be recognized 
on renal core biopsy, as patients may benefit from 
a more conservative management plan.

Chromophobe RCC is composed of large po-
lygonal cells with prominent cell borders. Besides 

Fig. 33.1  Core biopsies of a clear cell RCC (a), chromophobe RCC (b), type 1 papillary RCC with clear cells (c), and 
adrenal cortical tissue (d). Note the quality of the clear cytoplasm varies in each case
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the finely granular/reticulated cytoplasm, the 
wrinkled nuclei and perinuclear halos are helpful 
features that are distinct from a clear cell RCC. 
Although a portion of chromophobe RCCs are 
aggressive, stage by stage, they have a signifi-
cantly better prognosis than clear cell RCCs.

Papillary RCC typically shows amphophilic 
or eosinophilic cytoplasm, but focal cytoplasmic 
clearing is not uncommon, particularly in type 1 
papillary RCC. The main differential diagnoses 
are other tumors with clear cells and papillary or 
tubulopapillary architecture (see below for fur-
ther discussion).

MiTF family translocation-associated RCCs 
are defined by translocations involving MiTF/
TFE family genes ( TFE3 or TFEB) and often 
demonstrate a wide range of histologic features. 
TFE3 translocation tumors often show abun-
dant clear cytoplasm and high-grade nuclei and 
display papillary, alveolar, or solid growth. Ad-
mixed eosinophilic cells are also common. Psam-
moma bodies and cytoplasmic hyaline globules 
are frequently found. Some TFE3 translocation 
tumors can show lower nuclear grade and less 
cytoplasm. TFEB translocation tumors typically 
show biphasic morphology, comprising larger ep-
ithelioid cells and smaller cells clustered around 
basement membrane-like material. Both types of 
translocation tumors can show significant mor-

phologic overlap with clear cell or other types of 
RCCs, and their diagnosis on core biopsy relies 
on immunohistochemical tests for TFE3/TFEB 
overexpression (Fig. 33.3) or fluorescence in situ 
hybridization (FISH) assays to confirm TFE3 or 
TFEB rearrangement. Cathepsin-K expression 
detected by immunohistochemistry has also been 
found to be a useful marker for TFEB tumors, 
TFE3 tumors with PRCC-TFE3 fusion, as well 
as alveolar soft part sarcomas [19]. FISH break-
apart assays appear to have a higher sensitivity to 
detect TFE3/TFEB translocation than the TFE3/
TFEB immunohistochemical staining and have 
revealed an expanding histologic spectrum for 
these tumors [20, 21].

Epithelioid angiomyolipoma (AML) of kidney 
or retroperitoneum can be misclassified as clear 
cell RCC, particularly if the abnormal vessels 
and fat are lacking in the biopsy. The clear cyto-
plasm of AML commonly contains fibrillary or 
granular material, and there is often a high level 
of cytologic atypia. The diagnosis of AML is usu-
ally supported by immunoreactivity for HMB45 
and Melan-A.

Once being included in the differential diagno-
sis, a few other entities in this histologic category 
can be readily distinguished from primary renal 
cell neoplasms. Adrenal cortical tissue or very 
rarely an adrenal cortical neoplasm arising from 
ectopic adrenal tissue has distinct cytologic fea-
tures and also shows dissimilar immunoprofile 

Fig. 33.3  Core biopsy of a TFE3 translocation tumor 
with intermixed clear and eosinophilic cells in solid nests/
alveolar growth pattern. TFE3 immunostain shows dif-
fuse and strong nuclear labeling ( inset)

 

Fig. 33.2  Core biopsy of clear cell papillary RCC show-
ing tubulopapillary growth and low-grade nuclei. Note 
the apparent linear arrangement of nuclei away from the 
basal aspect of tumor cells in some areas ( arrowhead). 
The feature is difficult to appreciate in the more collapsed 
area ( arrow)
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when applying immunostaining such as PAX8/2, 
inhibin, Melan-A, and steroidogenic factor-1 
(SF1). Epithelioid histiocytic lesions, xantho-
granulomatous pyelonephritis or malacoplakia, 
lack true nuclear atypia and will be positive for 
CD68 and negative for epithelial markers. Other 
uncommon primary renal tumors (e.g., renal cell 
carcinoma, unclassified) or secondary tumors in-
volving kidney (e.g., clear cell adenocarcinoma) 
may also show a marked clear cell morphology. 
These possibilities should be carefully consid-
ered based on the clinical context of individual 
cases after the more common differentials have 
been excluded.

Eosinophilic Cell Cytology
Many tumors or mass-forming lesions may be 
composed of eosinophilic cells, but there is a sig-
nificant overlap of entities in this category with 
the group of tumors with papillary or tubulopap-
illary architecture as well as tumors/lesions in 
other cytologic categories. Therefore, the focus 
in this section will be mainly on eosinophilic 
tumors without apparent papillary growth pat-
tern that are not discussed in other categories 
(Fig. 33.4a–c).

Chromophobe RCC (eosinophilic vari-
ant) is predominantly composed of tumor cells 
with more densely eosinophilic, granular cyto-
plasm than the “typical” chromophobe RCC. 
The nuclear membrane irregularity and peri-
nuclear halos should be invariably detected in 
all cases, although these features are often less 
prominent when compared to the typical tumors. 
This increased difficulty in detecting character-

istic histologic features of chromophobe RCC 
makes a distinction from renal oncocytoma quite 
problematic in the setting of core biopsy. Care-
ful examination of the cytologic features of all 
available material thus is essential. Instead of 
the obviously wrinkled nuclei seen in “typical” 
chromophobe RCCs, the nuclear membrane ir-
regularity is frequently only appreciated in scat-
tered tumor cells. Meanwhile, cells with degen-
erative atypia or features suggesting processing 
artifacts should be avoided in this evaluation to 
prevent an overestimation of the nuclear atypia. 
The perinuclear halos are also more subtle and 
often limited to focal areas. Cells with hyper-
chromatic, bizarre nuclei may be present in some 
cases. While CK7 staining is diffusely positive 
in a subset of tumors, a significant portion of eo-
sinophilic variant of chromophobe RCCs exhibit 
only focal or patchy labeling, indistinguishable 
from the staining pattern of renal oncocytomas. 
Hence, CK7 stain should not be used to exclude 
this diagnosis.

Oncocytoma may show similar architectural 
patterns as eosinophilic chromophobe RCC on 
core biopsies. But the nuclear contours in onco-
cytoma are round, smooth, and rather uniform, 
except in foci with large, pleomorphic nuclei and 
degenerative-type atypia. CK7 expression is usu-
ally seen in a scattered small number of cells. Be-
cause of the limited sampling, it is quite accept-
able not committing to a definitive diagnosis of 
“oncocytoma” on biopsy material; instead a term 
such as “renal oncocytic neoplasm, favor onco-
cytoma” is often used in practice.

Fig. 33.4  Core biopsies of eosinophilic chromophobe (a), a renal oncocytic neoplasm that is favored as oncocytoma 
(b), and a renal oncocytic neoplasm with nuclear pleomorphism and atypia dissimilar to chromophobe RCC, but be-
yond the typical level of oncocytoma (c). Tumor in c was resected and proven to be a low-grade RCC, unclassified
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It is noteworthy that there are also oncocytic 
tumors with a mixture of features of oncocytoma 
or eosinophilic variant of chromophobe RCC. 
Some of them show oncocytoma-like architec-
ture, nuclear shape, and minimal nuclear pleo-
morphism, but demonstrate small perinuclear 
clearing. Others may show scattered cells with 
mild nuclear atypia and nuclear membrane ir-
regularity, but a complete absence of perinuclear 
halos. Although tumors associated with Birt–
Hogg–Dubé syndrome (BHD) or oncocytosis 
may show similar histologic features, it remains 
unclear how sporadic tumors with these features 
should be classified [22]. Overall, these oncocytic 
tumors are low-grade tumors that behave in an in-
dolent manner.

Succinate dehydrogenase B (SDHB)-associat-
ed RCC has recently been described in patients 
carrying germline SDHB mutations. So far only 
a small number of cases have been reported in the 
literature [23, 24]. Some of the reported tumors 
are composed of cuboidal cells with eosinophilic 
cytoplasm arranged in solid nests and tubules, 
with centrally located round nuclei displaying 
finely granular chromatin and inconspicuous 
nucleoli. Distinctive cytoplasmic inclusions, 
which contain either pale eosinophilic fluid-like 
material or bubbly areas of clearing, are currently 
considered to be a characteristic feature of these 
tumors [23]. Cases with high-grade cytologic 
features and sarcomatoid differentiation are also 
described. As an emerging entity, more histologic 
characterization of these tumors is needed. Loss 
of SDHB protein expression by immunohisto-
chemistry has been suggested to be a characteris-
tic finding in these tumors [23, 25]. Renal tumors 
associated with germline mutations of other SDH 

subunits (e.g., SDHC, SDHD) also exist, but have 
not been fully characterized.

Tumors with Papillary or Tubulopapillary 
Architecture
Papillary architecture identified on renal core 
biopsies should raise differential diagnostic pos-
sibilities of papillary RCC, mucinous tubular and 
spindle cell carcinoma (MTSCC), hereditary leio-
myomatosis and renal cell carcinoma syndrome 
(HLRCC)-associated RCC, collecting duct carci-
noma, renal medullary carcinoma, TFE3/TFEB 
translocation-associated RCC, clear cell papil-
lary RCC, clear cell RCC with focal papillary 
architecture, and unclassified RCC [26].

Papillary RCC may show a range of architec-
tural patterns other than papillary. In some cases, 
tubular, solid, and glomeruloid patterns may be 
dominant. The papillary fibrovascular cores in 
some tumors contain foamy macrophages, but 
are markedly hyalinized or edematous in other 
tumors. Hemosiderin-laden macrophages and 
hemosiderin deposition within tumor cells are 
often seen in papillary RCC. The cytologic fea-
tures of papillary RCC can be quite variable. The 
cytoplasm ranges from scant to abundant or from 
amphophilic to eosinophilic. The current WHO 
classification divides papillary RCC into two 
types: type 1 with papillae covered by smaller 
cells with scant–moderate amphophilic cyto-
plasm and type 2 with large tumor cells, often 
higher nuclear-grade, eosinophilic cytoplasm and 
nuclear pseudostratification (Fig. 33.5a, b). Tu-
mors categorized as type 2 papillary RCC are less 
defined histologically and molecularly, and some 
cases demonstrate aggressive clinical behav-
ior. By immunohistochemistry, most papillary 

Fig. 33.5  Core biopsies of papillary RCC with type 1 features (a) and type 2 features (b). In comparison, tumor cells 
in a papillary area of a HLRCC-associated RCC show prominent nucleoli with perinucleolar halos (c)
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RCCs show diffuse positivity for CK7, but this 
reactivity is more often seen in type 1 than type 
2 tumors. AMACR shows diffuse cytoplasmic 
granular staining. The majority of sporadic papil-
lary RCCs are characterized by trisomy of chro-
mosomes 7 and 17 as well as loss of chromosome 
Y. Copy number gains in 17 and 7 are more often 
seen in type 1 than type 2 tumors. Absence of tri-
somy 17 has been associated with poorer progno-
sis in some studies [27–29].

Metanephric adenoma is in the differential 
diagnosis for type 1 papillary RCC with pre-
dominantly tubular architecture. The tumor cells 
in metanephric adenoma have uniform nuclei 
and scant cytoplasm. Nuclear variation and any 
prominent nucleoli would argue against a diag-
nosis of this tumor and favor papillary RCC in 
this differential. Unlike papillary RCC, meta-
nephric adenomas are usually positive for WT1 
and CD57 and often negative for AMACR and 
CK7, but focal CK7 staining may be seen.

Mucinous tubular and spindle cell carcinoma 
(MTSCC) typically has mucinous stroma, tubular 
and spindle cell components, and is often in the 
differential diagnosis for papillary RCC with low-
grade spindle cell areas. The tubules in MTSCC 
tend to have a rigid luminal contour, whereas the 
elongated tubules in papillary RCC often have 
an irregular, “shaggy” luminal surface. However, 
some cases may be extremely difficult to differ-
entiate on needle core biopsies and may require 
cytogenetic confirmation, if possible. The im-
munoprofile of MTSCC is very similar to that of 
papillary RCC. In some cases of MTSCC, there 
may be an absence of CD10 staining.

HLRCC syndrome-associated RCC are typi-
cally very aggressive tumors and have recently 
been recommended to be recognized as a dis-
tinct entity in the International Society of Uro-
logic Pathology (ISUP) Vancouver classification 
of renal neoplasia [22]. HLRCC is an inherited 
autosomal dominant disorder in which germline 
mutations of the fumarate hydratase ( FH) gene 
confer an increased risk of cutaneous and uterine 
leiomyomas as well as renal cell carcinoma. Un-
like other hereditary RCCs, HLRCC renal tumors 
may be solitary and unilateral, clinically difficult 
to distinguish from sporadic tumors. HLRCC 

tumors were mainly described to be type 2 pap-
illary RCC initially, but a spectrum of architec-
tural patterns is now being recognized [30, 31].  
The most characteristic feature of HLRCC renal 
tumors, as proposed by Merino et al. [30], is the 
presence of a very prominent inclusion-like eo-
sinophilic nucleolus surrounded by a perinucleo-
lar halo (Fig. 33.5c). However, this feature often 
is not uniformly present in HLRCC tumors and 
occasionally is very difficult to distinguish from 
prominent nucleoli in other high-grade RCCs 
[31]. An immunohistochemical method for iden-
tifying these tumors has been proposed [31, 32]. 
At present, the diagnosis of HLRCC still relies 
on germline testing of the FH gene, although pa-
thologists can play a very important role in sug-
gesting this possibility.

Collecting duct carcinoma (CDC) is a rare and 
very aggressive form of RCC that is commonly 
centered in the renal medulla. It is a high-grade 
adenocarcinoma, typically displaying tubular and 
tubulopapillary architectural patterns in a des-
moplastic stroma. Other growth patterns (solid, 
cord-like, sarcomatoid, etc.) can also be seen. 
A subset of CDCs may show a predominantly 
papillary architectural pattern. Given this broad 
spectrum of histologic patterns, the diagnosis of 
CDC is difficult and often relies on excluding 
other possibilities in the differential diagnosis. 
On a renal core biopsy, the possibility of CDC 
should be raised only after excluding urothelial 
carcinoma with glandular differentiation and sec-
ondary involvement by a metastatic carcinoma. 
It is difficult to definitively separate CDC from 
renal medullary carcinoma or unclassified RCC 
in some cases.

Renal medullary carcinoma (RMC) is another 
medullary-based high-grade tumor with infiltra-
tive growth pattern. It occurs almost exclusively 
in young patients with sickle cell trait or rarely 
sickle cell disease. RMC often shows reticular or 
cribriform glands, in addition to other patterns 
such as yolk sac-like, tubular, and solid. Similar 
to CDC, RMC exhibits desmoplastic or fibrotic 
stroma and a neutrophil-dominant inflamma-
tory infiltrate. Sickled red blood cells can often 
be found in the small vessels within and around 
the tumor. The loss of nuclear expression of INI1 
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(SMARCB1/BAF47) protein by immunohis-
tochemistry is a consistent finding in these tu-
mors (Fig. 33.6) and can be reliably detected in 
core biopsies. However, it remains controversial 
whether loss of INI1 is a defining feature of 
RMC, and the exact molecular mechanism medi-
ating this finding remains unclear.

Tumors with Poorly Differentiated Cell 
Cytology
When a poorly differentiated tumor encountered 
on renal needle cores, a broad range of differential 
possibilities need to be considered, many of which 
may arise from other organ sites. Among primary 
kidney tumors, high-grade clear cell RCC, papil-
lary RCC, CDC, unclassified RCC, and epithelioid 
AML all can have areas showing high-grade cytol-
ogy, without much clue to suggest their classifica-
tion. Metastatic carcinoma or sarcoma from other 
organs involving the kidney, direct extension of 
urothelial carcinoma, adrenal cortical carcinoma, 
or tumors of the retroperitoneum are secondary 
tumors that need to be considered in this setting. 
Immunohistochemistry plays an essential role in 
differentiating these poorly differentiated tumors.

Metastatic tumors involving kidney often 
originate from lung (most common), breast, skin 
(melanoma), genitourinary, gastrointestinal, and 
gynecologic tracts, salivary gland, thyroid, pan-
creas, etc., in addition to high-grade sarcomas 
arising from soft tissue and bone. In general, 

morphologic features unusual for distinctive sub-
types of renal cell carcinoma or urothelial carci-
noma should always raise a suspicion for metas-
tasis. Many metastatic tumors histologically dif-
fer from common types of primary renal cell car-
cinoma, allowing for relatively straightforward 
recognition. The presence of tumor emboli in 
vessels also suggests a possibility of metastasis.

Tumors with Spindle Cell Cytology
Low-grade spindle cells are commonly seen in 
angiomyolipoma, mixed epithelial and spindle 
cell tumor (MEST), MTSCC, and papillary RCC 
with low-grade spindle cell component. High-
grade spindle cells are seen with sarcomatoid car-
cinoma component associated with RCC, urothe-
lial carcinoma, or metastatic carcinoma, as well 
as primary or secondary sarcomas (Fig. 33.7).

Tumors with Neuroendocrine Features
Tumors with neuroendocrine differentiation are 
only rarely found on renal core biopsies. The dif-
ferential diagnosis mainly includes primary renal 
carcinoid tumors, metastatic neuroendocrine tu-
mors, pheochromocytoma from adrenal gland, or 
paraganglioma arising in the retroperitoneum.

Lymphomas
Lymphoma involving the kidney is most com-
monly B-cell type. In a few recent series, dif-
fuse large B-cell lymphoma (DLBCL) appears 

Fig. 33.7  Core biopsy of a metastatic epithelioid leio-
myosarcoma involving kidney. There are intermixed large 
epithelioid cells and spindle cells

 

Fig. 33.6  Loss of INI1 (BAF47) nuclear expression in 
a renal medullary carcinoma. Note the retained INI1 ex-
pression in inflammatory, endothelial, and stromal cells
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to be the most common subtype of lymphomas 
[33–35]. Post-transplant lymphoproliferative 
disorders (PTLD), and very rarely T-cell lym-
phoma, can also be encountered. In general, the 
diagnostic criteria and ancillary studies applied 
to these tumors should be similar to what have 
been used for lymphomas at other organ sites. 
If a specific diagnosis cannot be rendered from 
the limited amount of material in biopsies, more 
general terms such as “large B-cell lymphoma” 
or “low-grade B-cell lymphoma” can be utilized.

Future

With the development of nephron-sparing sur-
gery and non-surgical management of renal tu-
mors, the utilization of percutaneous needle bi-
opsy for renal masses will likely further increase 
in the next decade. In addition to preprocedural 
uses, needle biopsy may be more widely used as 
a surveillance tool in patients who have received 
ablation therapies or choose observation. Further-
more, the need to identify personalized systemic 
therapies for patients with metastatic disease is 
expected to drive more biopsy sampling of the 
primary and metastatic RCC to provide material 
for biomarker identification. From the pathology 
point of view, this increasing utilization of core 
biopsy technique can be translated into enhanced 
experience of pathologists in interpreting renal 
core biopsy specimens and opportunities to aug-
ment our capability of providing diagnostic and 
prognostic information that impact on disease 
management.

While immunohistochemistry currently is the 
mainstay of the ancillary studies applied to renal 
core biopsies, other methods such as FISH and 
a variety of molecular tests have already been 
utilized in clinical specimens including core 
biopsies. The rapid advances in these technolo-
gies have dramatically improved the accuracy, 
efficiency, and turn-around time of these assays; 
these methods are expected to be more closely 
incorporated into the histologic interpretation of 
renal core biopsies.

FISH assays are very useful tools in the dif-
ferential diagnosis of renal epithelial tumors. In 

addition to MiTF translocation-associated RCCs, 
other novel translocation-associated RCCs are 
continuously being identified. Particularly, a 
group of recently identified ALK translocation 
RCCs may become an emerging entity [22]. 
FISH tests for chromosomal copy number abnor-
malities also have the potential to be improved 
and utilized in clinical practice. Trisomy 7 and 
17 test has been commonly used for diagnosing 
papillary RCC; however, the specificity of this 
test needs to be further explored in tumors with 
overlapping features such as MTSCC, HLRCC-
associated RCC, and unclassified RCC with 
papillary areas, in the context of other molecu-
lar alterations identified in these cases. Ongoing 
efforts in molecular characterization of a variety 
of renal tumors are providing new knowledge for 
developing enhanced FISH tests for diagnostic 
purposes.

Array-based SNP or CGH assays are being 
adapted to clinical use in limited formalin-fixed, 
paraffin-embedded (FFPE) tissue materials. 
These assays provide fast and comprehensive 
assessment of copy number variations and loss 
of heterozygosity (LOH). Other technologies 
including next-generation sequencing, miRNA, 
and methylation analyses are also being devel-
oped into clinical tests that can be used in bi-
opsy samples. Meanwhile, the ongoing genom-
ic research efforts in RCC such as The Cancer 
Genome Atlas (TCGA) program are generat-
ing enormous genetic information in subtypes 
of RCC [36]. These findings will serve as the 
groundwork for developing diagnostic, prognos-
tic, and prediction markers.
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Etymology

The English word “testis” is probably derived 
from the Latin meaning “witness,” which is also 
the source of the words “testify” and “testimo-
ny.” The Roman law principle “Testis unus, tes-
tis nullus,” translated as “one witness means no 
witness,” imputes that the testimony of one wit-
ness must be corroborated by a second to be con-
sidered valid. The paired nature of the organs in 
humans, just as witnesses must be paired, likely 
resulted in use of “testis” for the male gonad.

Embryology

An understanding of the embryology of the testis 
is key to explaining its cellular morphology and 
distribution and also its lymphatic drainage and 
hence the pattern of spread of testicular tumors. 
Testis-determining factor (TDF), the protein 
product of the SRY gene on the Y chromosome 
[1], determines the formation of a testis as op-
posed to an ovary. The germ cells migrate to the 

genital ridge where proliferating celomic epithe-
lium forms the sex cords and surrounds the germ 
cells to become the progenitors of the seminifer-
ous tubules. Proliferation and differentiation of 
intervening mesenchyme gives rise to the Ley-
dig cells. The Sertoli cells secrete anti-Müllerian 
hormone (AMH; also known as Müllerian-inhib-
iting substance) causing regression of the Mül-
lerian ducts. Leydig cells produce testosterone, 
which promotes the development of Wolffian 
duct structures (if functional androgen receptors 
are also present). Development of the external 
genitalia requires testosterone plus androgen re-
ceptors plus five-alpha reductase, which converts 
testosterone to dihydrotestosterone (DHT). Tes-
ticular descent from the abdomen to pelvic brim 
is mediated by insulin-like growth factor, while 
descent to the scrotum is androgen dependent [2]. 
The gubernaculum (also called the caudal geni-
tal ligament) is undifferentiated mesenchyme 
attached to the caudal end of the testis; its dis-
tal portion both proliferates and synthesizes hy-
aluronic acid causing a “swelling reaction” that 
guides the testis into the scrotal cavity (Fig. 34.1) 
[3]. This complicated embryological derivation 
has a number of important consequences, among 
which is to help explain a variety of the so-called 
intersex conditions (also known as disorders of 
sex development), where undescended testes are 
associated with female internal genitalia due, 
for instance, to mutations in the AMH gene and 
leading to defective anti-Müllerian hormone [4]. 
Another important consequence of an aberrant 
embryologic process is cryptorchidism, one of 

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_34,
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the relatively few well-recognized risk factors 
for testicular germ cell tumors, with the degree 
of aberration showing some correlation with the 
degree of risk, since there is a higher frequency 
of tumors in intraabdominal than inguinal testes.

Embryology also explains the metastatic pat-
terns of spread of testicular tumors. The metastatic 
tumors spread to the retroperitoneal (para-aortic, 
interaortocaval, paracaval) rather than inguinal 
lymph nodes as the vascular drainage follows de-
scent from the genital ridge (Fig. 34.2). If there has 
been previous genital surgery, however, disrup-
tion to the drainage pattern may cause spread to 
the inguinal lymph nodes. Also, if there is failure 
of testicular descent as in intersex conditions, the 
lymph node drainage pattern of the testis may also 
be affected [5], although this is extremely rare.

Testicular Dysgenesis Syndrome

It has been proposed by some that there is a strong 
causal association between some anatomical ab-
normalities and germ cell cancers. This has been 
termed the testicular dysgenesis syndrome (TDS) 
[6] and should not be confused with the disorder 
of sex development, gonadal dysgenesis, which 
is associated with streak morphology and ovarian 
differentiation. TDS remains a hypothesis, which 
is disputed by others [7], consisting of four de-
fining conditions: impaired spermatogenesis, 
undescended testis, hypospadias, and testicular 
germ cell cancer. It suggests that an underlying 
genetic predisposition and environment, in utero 
factors, possibly endocrine, affect the developing 
fetus. This leads to abnormal Sertoli cell function 

Fig. 34.1  Descent of the testis. (Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography 
© 2014. All Rights Reserved.)
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and decreased Leydig cell function, with result-
ing germ cell maldevelopment and androgen 
deficiency, respectively, and to the four defining 
features (Fig. 34.3).

Anatomy of the Testis

The adult testis measures approximately 
4.5 × 2.5 × 3 cm and weighs 20 g. Degrees of 
atrophy and testicular development throughout 

adolescence may be measured with an orchidom-
eter, composed of a series of ovoids.

The testis is largely surrounded by an intra-
scrotal extension of peritoneal cavity (the pro-
cessus vaginalis), which becomes the tunica 
vaginalis. Its visceral layer is apposed to the fi-
brous capsule of the testis, the tunica albuginea, 
and its parietal layer lines the most internal aspect 
of the scrotal wall. A small amount of fluid sepa-
rates the visceral from the parietal layer. The em-
bryology of testicular descent therefore results in 
mesothelium covering most of the testicular sur-
face, with the visceral layer reflecting from the 
testis near the hilum and enveloping the testicular 
appendages. The testicular parenchyma is com-
posed of seminiferous tubules with their com-
ponents of various germ cells and Sertoli cells. 
The interstitium contains Leydig cells, blood and 
lymphatic vessels, and loose fibrous tissue. The 
seminiferous tubules connect into the rete testis 
at the hilum, and these anastomose with the effer-
ent ductules that form the head of the epididymis, 
with the body and tail forming from convolutions 
of the Wolffian duct. The epididymis is attached 
to the posterior surface of the testis and gives rise 
to the ductus (vas) deferens (Fig. 34.4a–d). The 
testis is thus surrounded by easily identifiable 
histological structures: the testicular tunics, epi-
didymis, and spermatic cord. Therefore, for radi-
cal orchidectomy cases, margins and tissues are 
easily identified and there is no need to use ink 
on macroscopic dissection. Staging is straight-
forward with appropriate tissue sample selection.

Environmental factors
(Incl. endocrine disruptors)

Genetic defects

Testicular dysgenesis

Disturbed Sertoli cell function

Decreased Leydig cell function

Impaired germ cell
differentiation 

Androgen insufficiency

Reduced semen quality 

Hypospadias

Cryptorchidism

CIS testicular cancer→

Fig. 34.3  The proposed pathogenesis of testicular dysgenesis syndrome

 

Fig. 34.2  Diagram showing pelvic and para-aortic lymph 
nodes
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In recent years, there has been an increase in 
partial orchidectomy specimens [8]. This is for a 
number of reasons. Among them, the increased 
use of ultrasound has detected more testicular 
tumors of little clinical significance [9]. These 
include small sex cord-stromal tumors, Sertoli 
cell nodules, inflammatory conditions, non-neo-
plastic cysts, epidermoid cysts, and adenomatoid 

tumors. In the vast majority of these cases, a par-
tial orchidectomy may be sufficient for cure, per-
mitting better preservation of endocrine function 
and fertility and improved cosmesis. It is still a 
relatively infrequent operation, reserved particu-
larly for men who may have already had contra-
lateral orchidectomy or who have poor endocrine 
function or sperm counts. It is also technically 

Fig. 34.4  a Cross section of the testis and the cord, dem-
onstrating especially, the double-layered nature of the tuni-
ca vaginalis and the relationship of the lobules composed 
of seminiferous tubules to the rete and epididymis. b Dem-
onstration of the testicular blood supply. The testicular ar-
tery arises directly from the abdominal aorta and descends 
through the inguinal canal, while the scrotum and the rest 
of the external genitalia are supplied by the internal puden-

dal artery. The testis has collateral blood supply from the 
cremasteric artery and the deferential artery. Lymphatic 
drainage of the testes follows the testicular arteries back to 
the para-aortic lymph nodes. c Cross section of the testis 
demonstrating the relationship of the lobules composed of 
seminiferous tubules to the rete testis, epididymis, and vas 
deferens. d A demonstration of the rich blood supply to the 
testis and rich anastomotic network of vessels
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limited to lesions that are distant from the rete 
and epididymis.

Partial orchidectomy specimens provide dif-
ferent challenges for the pathologist. They re-
sult in an excision specimen partially covered 
by mesothelium, which, as suggested above, is 
easily identified, but also having a testicular pa-
renchyma as a surgical margin. On macroscopy, 
this must be inked so that it can be recognized as 
a surgical margin.

Microanatomy

Identification of the normal components of the 
seminiferous tubules is essential both to ac-
curately identify abnormalities, of maturation, 
and to correctly recognize intratubular germ 
cell neoplasia. The seminiferous tubules con-
tain germ cells in various stages of development 
from spermatogonia to spermatozoa along with 
the Sertoli cells (Fig. 34.5). Each tubule profile 
may show variable stages of maturation because 
development tends to occur in waves along the 
tubules. After the sperm are produced, they travel 
to the tubuli recti, which are found in the septa 
radiating out from the mediastinum of the testis 
(Fig. 34.6). The tubuli recti connect the seminif-
erous tubules with the rete testis.

Sertoli cells are distinguished by their loca-
tion just above the basement membrane of the 
seminiferous tubule and the shape of the nucleus 

(Fig. 34.7). The Sertoli cell has an ovoid to trian-
gular-shaped nucleus with a neatly punched-out 
red nucleolus. They form a ring around the base-
ment membrane, between the spermatogonia and 
the other developing germ cells. The spermatogo-
nia usually hug the basal lamina. They are large 
round cells with a pale staining round or ovoid 
nuclei. Dark and light forms, depending on subtle 
nuclear characteristics, have been noted [10], and 
the proportions of the different forms have been 
suggested to affect Leydig cell function.

Primary spermatocytes, which are undergo-
ing the first meiotic division, have a large floc-
cular nucleus, in which the individual condensed 

Fig. 34.7  Sertoli cell has an ovoid to triangular-shaped 
nucleus with a neatly punched-out red nucleolus. Sper-
matogonia are large round cells with a pale staining round 
or ovoid nuclei; they usually hug the basal lamina, and 
primary spermatocytes have a large floccular nucleus

 

Fig. 34.6  A seminiferous tubule connecting with the dis-
tal portion of the rete testis

 

Fig. 34.5  A seminiferous tubule showing the different 
stages of spermatogenesis
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chromosomes can be sometimes seen forming 
elongated filamentous structures. Secondary 
spermatocytes are only rarely identified, as the 
second meiotic division occurs very rapidly. 
The early spermatid is small and round with a 
hyperchromatic nucleus and featureless chroma-
tin. Later the spermatid becomes more conical. 
It then develops a flagellum and an even denser 
nucleus to become a spermatozoon (Fig. 34.7).

Relevance to Fertility Assessments

Two relatively new techniques allow the isolation 
and utilization of a single spermatozoon to fer-
tilize a single egg for implantation in the uterus. 
These are performed in cases of non-obstructive 
oligo- or azoospermia and involve extraction of 
viable spermatozoa directly from the testis. While 
some practitioners attempt to aspirate spermato-
zoa with a technique similar to fine-needle aspi-
ration, and then examine the extract for sperm, 
others use a biopsy technique, possibly more ef-
fective, called testicular sperm extraction (TESE). 
While some of the sample is used for fertilization, 
the parts of the biopsy not used may be sent for 
histopathological examination. The most impor-
tant part of this examination, as far as the an-
drologists are concerned, is the identification of 
spermatozoa. When they are present in only small 
numbers, they can be better identified in histology 
sections than intraoperatively, and it suggests that 
a second TESE may be worthwhile if the initial  

fertility treatment failed. Therefore, the identifi-
cation of the different meiotic cells in spermato-
genesis is of great assistance [11]. Although some 
who work in this field attempted to “score the 
tubules” depending on the presence or absence 
of the developing elements of spermatogenesis 
(Table 34.1), the most relevant information re-
quired is merely the presence of spermatozoa and 
also the possible presence of intratubular germ 
cell neoplasia, unclassified (IGCNU).

IGCNU was initially termed “carcinoma in 
situ,” a nomenclature that is still used by some 
[12]. Nearly the entire array of malignant germ 
cell tumor elements has been identified in semi-
niferous tubules; however, the most common by 
far is intratubular germ cell neoplasia, unclassi-
fied. Identification of IGCNU is important be-
cause of its virtually uniform eventual progres-
sion to an invasive germ cell tumor. In testicular 
biopsies, it may be found as an incidental finding 
or at the same time as orchidectomy for germ 
cell neoplasia in those centers where the contra-
lateral testis is biopsied [13]. However, as there 
are a number of mimics of germ cell neoplasia, 
especially classical seminoma, identification of 
IGCNU may greatly help facilitate a difficult 
diagnosis where there is a question of germ cell 
neoplasm versus another process.

Ectopic Tissue and Pseudomalignant 
Changes

Leydig cells may be present not just in the tes-
ticular parenchyma, between the seminiferous tu-
bules, but also in the fibrous capsule of the tunica 
albuginea, rete testis, paratesticular soft tissue, 
and occasionally epididymis [14]. They are rela-
tively inconspicuous unless there is a cause of 
Leydig cell hyperplasia, when they can become 
more prominent and possibly be mistaken for an 
invasive Leydig cell tumor. Leydig cells are fre-
quently associated with nerves, which must not 
be misinterpreted as perineural invasion by a ma-
lignant tumor, especially if the testis harbors an 
otherwise innocuous Leydig cell tumor, which, 
however, would lack the usual features associ-
ated with malignant behavior in this neoplasm. 

Table 34.1  Johnson scoring of seminiferous tubules for 
fertility assessments
10—full spermatogenesis
9—slightly impaired spermatogenesis, many late sper-
matids, disorganized epithelium
8—less than five spermatozoa per tubule, few late 
spermatids
7—no spermatozoa, no late spermatids, many early 
spermatids
6—no spermatozoa, no late spermatids, few early 
spermatids
5—no spermatozoa or spermatids, many spermatocytes
4—no spermatozoa or spermatids, few spermatocytes
3—spermatogonia only
2—no germinal cells, Sertoli cells only
1—no seminiferous epithelium
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Therefore, it is important to realize that Leydig 
cells may be present at “ectopic” locations.

Adrenocortical-like tissue can also be seen in 
ectopic foci, usually near the rete testis [15] and 
in the cord. Ectopic foci are generally entirely in-
cidental; however, they become of great impor-
tance in the inherited adrenogenital syndrome or 
“congenital adrenal hyperplasia.” In this rare con-
dition, there is gross hyperplasia of these adrenal 
cells. They often resemble Leydig cells, although 
they may have more voluminous cytoplasm, more 
prominent cytoplasmic pigment, lack Reinke 
crystals, and are associated with fibrosis [16]. 
While in the initial stages of congenital adrenal 
hyperplasia the lesions are usually confined to the 
rete testis, they may expand into the testicular pa-
renchyma where they present as testicular masses. 
These “tumors” are extremely responsive to high-
dose steroid suppression, and the first treatment is 
always medical, surgery being used only as a last 
resort due to pain. Unfortunately, cases of bilat-
eral orchidectomy, rendering the patient castrate, 
for bilateral testicular “tumors” of the adrenogen-
ital syndrome continue to occur; the pathologist 
needs to be aware of this condition and prevent 
unnecessary orchidectomy where possible.

Bizarre nuclear change in the epithelium of 
the epididymal tubules may cause concern for a 
malignant process. This phenomenon, however, 
has no clinical significance and appears to be of 
degenerative nature, entirely analogous to the 
much more common but similar finding in the 
seminal vesicles. The nuclei, although enlarged, 
have dense, smudgy chromatin and sometimes 
intranuclear cytoplasmic inclusions. Mitotic fig-
ures are absent. Along the same lines, complex 
cribriform arrangements of the glandular epi-
thelium in the epididymal tubules may provoke 
concern for adenocarcinoma, but this finding is 
entirely within the spectrum of normal morphol-
ogy of the epididymis.

Staging of Testis Cancer

The management of testicular tumors, particular-
ly germ cell tumors, differs radically from many 
other of the genitourinary malignancies. Whereas 

accurate staging either on imaging or by histol-
ogy is critical for prostatic adenocarcinomas or 
urothelial neoplasms, in the complex world of 
testicular tumors, the tumor type is of supreme 
importance, although staging of the primary le-
sion plays a secondary role for the pathologist. 
This is for a number of reasons. Firstly, the excel-
lent prognosis of most germ cell tumors means 
that large randomized trials with staging being 
used to designate treatment are virtually im-
possible. Outcome data have to be available on 
thousands of patients to create enough treatment 
failures to yield significant differences in out-
come based on pathological criteria. Secondly, 
the treating physicians are also likely to utilize 
non-pathological criteria, such as the levels of 
serum tumor markers and findings on retroperi-
toneal imaging, to assist with treatment choices, 
regardless of pathologic staging of the testicular 
primary.

The currently recommended staging system 
for testicular tumors is the AJCC-TNM classifi-
cation [17], which is summarized in Table 34.2. It 
should be noted that because tumor markers play 
such a key role in the management of patients 
with germ cell tumors and have been shown to 
have prognostic importance, the degree of eleva-
tion of various serum markers is considered in 
the determination of the stage groups. In fact, 
any of the T stages can be clinical stage I–III, 
meaning that the serum markers or imaging not 
infrequently “trump” the pathological assess-
ment. An even more clinically based system, the 
International Germ Cell Consensus (IGCC) clas-
sification, stratifies patients with non-seminoma-
tous germ cell tumors (NSGCTs) into three risk 
groups (good, intermediate, and poor prognosis) 
on the basis of serum markers (measured prior 
to orchiectomy) and distribution of metastases 
(Table 34.3).

While the TNM system follows a logical 
progression of breach of the various pathologi-
cal boundaries (Fig. 34.8), it remains open to 
question regarding its prognostic significance. 
However, as staging by TNM remains an es-
sential element of most urological data sets, it 
will remain a part of the standard pathological 
assessment.
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Fig. 34.8  Diagrammatic representation of testicular tumor staging

 

Table 34.2  AJCC staging system for testicular cancer. Note that nodes imaging and serology also have a large role 
in determining the stage
TNM system Stage grouping
TX—unknown status of testis Stage 0—Tis, N0, M0, S0
T0—no apparent primary (includes scars) Stage IA—T1, N0, M0, S0
Tis—intratubular tumor, no invasion Stage IB—T2-T4, N0, M0, S0
T1—testis and epididymis only; no vascular invasion;
may penetrate tunica albuginea but not tunica vaginalis

Stage IS—any T, N0, M0, S1-S3 (post-orchiectomy)
Stage IIA—any T, N1, M0, S0-S1

T2—testis and epididymis with vascular invasion or
through tunica albuginea to involve tunica vaginalis

Stage IIB—any T, N2, M0, S0-S1
Stage IIC—any T, N3, M0, S0-S1

T3—spermatic cord involvement Stage IIIA—any T, any N, M1a, S0-S1
T4—scrotum Stage IIIB—any T, any N, M0-M1a, S2

Stage IIIC—any T, any N, M0-M1a, S3
Stage IIIC—any T, any N, M1b, any S

NX—regional lymph nodes cannot be assessed
N0—no regional lymph node involvement
N1—node mass or single nodes ≤ 2 cm; no node > 2 cm
N2—node mass > 2 cm but < 5 cm; or multiple lymph nodes involved > 2 cm, but none > 5 cm
N3—node mass > 5 cm 
M0—no distant metastases
M1a—non-regional nodal or lung metastases
M1b—distant metastasis other than non-regional nodal or lung
SX—no marker studies available
S0—marker studies within normal limits
LDHa HCG (mIU/ml) AFP (ng/ml)
S1—< 1.5 × N and < 5000 and < 1000
S2—1.5–10 × N or 5000–50,000 or 1000–10,000
S3—> 10 × N or > 50,000 or > 10,000

AFP, alpha-fetoprotein; AJCC, American joint committee on cancer; HCG, human chorionic gonadotropin; LDH, 
lactate dehydrogenase.
a LDH levels expressed as elevations above upper limit of normal (N)
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Tis

In situ germ cell malignancies are confined by 
the basement membrane surrounding the semi-
niferous tubules. Any cells present in the tes-
ticular stroma are therefore invasive. Most in 
situ lesions are intratubular germ cell neoplasia, 
unclassified (IGCNU) (Fig. 34.9), though other 
forms do exist. Intratubular embryonal carci-
noma rarely occurs in isolation, nearly always 
coexisting with IGCNU and invasive germ cell 
malignancy (Fig. 34.10). IGCNU may spread in 
a pagetoid fashion and therefore be present with-
in the rete testis. In these cases, the IGCNU cells 
are interspersed with the rete tubular epithelium 
or within the rete lumina. This should still be 
accounted as Tis unless there is invasion of the 
rete stroma. Isolated IGCNU is an unusual find-
ing in the testis. It is occasionally found in the 

contralateral testis after orchidectomy or after 
chemotherapy. IGCNU cells initially tend to be 
positioned suprabasally, often in a ring-like fash-
ion at the periphery of the seminiferous tubules, 
and intermixed with Sertoli cells. Occasionally, 
the IGCNU cells fill an entire tubule, but this is 
not a usual finding. The cells have an irregular, 
often polygonal nucleus, with a variable nucleo-
lus, depending greatly on fixation. The cyto-
plasm is often vacuolated, though occasionally, 
normal developing germ cells can be vacuolated, 
so IGCNU must be diagnosed with caution [18]. 
Immunohistochemistry can greatly facilitate di-
agnosis in difficult cases. IGCNU is OCT4 posi-
tive, whereas normal germ cells are negative. 
PLAP and c-KIT may also be useful, but are less 

Table 34.3  International germ cell consensus classifica-
tion for non-seminomatous germ cell tumors (NSGCTs)
Good prognosis
Testis/retroperitoneal primary site = 0
and
No non-pulmonary visceral metastases = 0
and
AFP good = 0 and HCG good = 0 and LDH good = 0
Max = 0
Intermediate prognosis
Testis/retroperitoneal primary site = 0
and
No non-pulmonary visceral metastases = 0
and
AFP intermediate = 1 or HCG intermediate = 0 or LDH 
intermediate = 1
Max = 1
Poor prognosis
Mediastinal primary site = 2
or
Non-pulmonary visceral metastases = 2
or
AFP poor = 2 or HCG poor = 2 or LDH poor = 2
Max = 2

Good: AFP < 1000 ng/ml, HCG < 5000 iu/L, LDH < 1.5 x 
upper limit of normal (N)
Intermediate: AFP 1000–10,000 ng/ml, HCG 5000–
50000 iu/L, LDH 1.5–10 × N
Poor: AFP > 10,000 ng/ml, HCG > 50,000 iu/L, 
LDH > 10 × N

Fig. 34.9  Intratubular germ cell neoplasia, unclassified 
(IGCNU). IGCNU cells are intermixed with sertoli cells. 
No normal germ cells are present within the tubule

 

Fig. 34.10  Intratubular embryonal carcinoma coexisting 
with IGCNU
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sensitive than OCT4 [19], and CD117 may also 
stain non-neoplastic germ cells. The best alterna-
tive choice to OCT4 that is in wide use may be 
podoplanin.

Gonadoblastoma

This is an unusual form of in situ malignancy 
which still counts as non-invasive, but it needs to 
be differentiated in terms of treatment and conse-
quences. Most cases of gonadoblastoma occur in 
phenotypic females; however, 10 % occur in phe-
notypic males. In genotypic terms, a Y chromo-
some is needed to develop gonadoblastoma. It is, 
therefore, a disease that occurs in intersex condi-
tions. Microscopically, there are rounded nodules 
of Sertoli cells intermixed with scattered semi-
noma/IGCNU-like cells as well as some germ 
cells resembling spermatogonia. Most cases in 
males are in undescended or maldescended tes-
tes. Although adjuvant treatment is not required 
for gonadoblastoma, removal of the contralateral 
gonad is indicated, as there is a high incidence of 
bilaterality and a very high rate of progression to 
seminoma. The presence of solid areas without 
interspersed Sertoli cells is indicative of semi-
noma, although remnant gonadoblastoma may be 
identified in these cases.

T1 Tumors

These are defined as tumors limited to the tes-
tis and epididymis, without vascular invasion 
and with no invasion of the tunica vaginalis 
(Fig. 34.8). A number of practical points should 
be noted. Firstly, the tunica albuginea should not 
be confused with the tunica vaginalis. On tissue 
sections, it is the tunica albuginea that is most 
likely to be seen, and it is very common for germ 
cell tumors to encroach close to or invade into 
the inner aspect of this fibrous capsule. However, 
it requires penetration of its external mesothelial 
lining for the tumor to no longer be considered 
a T1 lesion. This is, in fact, a very rare event 
because of the dense nature of the tunica albu-
ginea. An alternative pathway to tunica vaginalis 
involvement, while not common, likely is more 

frequent. A germ cell tumor may invade through 
the testicular hilum to involve the perihilar struc-
tures, including the epididymis and soft tissue 
that are in continuity with the spermatic cord. 
Such involvement occurs with some frequency 
since the tunica albuginea is absent at the hilum. 
Since the external aspect of these perihilar struc-
tures has a layer of mesothelium from the visceral 
aspect of the tunica vaginalis reflected over them, 
a tumor may penetrate this external aspect and its 
mesothelial lining. Sometimes, it may also bridge 
to the parietal layer of the tunica vaginalis, teth-
ering the testis and hilar structures to it.

Regardless of the mechanism of tunica vagina-
lis penetration, it is likely best assessed by careful 
macroscopic inspection. If the visceral layer of 
the tunica vaginalis has been directly penetrated 
through the tunica albuginea, it would appear as 
a roughed focus on the otherwise shiny external 
aspect of the testis. Such foci should be submitted 
for microscopic confirmation since many turn out 
to be a mesothelial reaction caused by rubbing of 
the enlarged testis against the parietal layer of the 
tunica vaginalis rather than a focus of tumor pene-
tration. If the tunica vaginalis has been penetrated 
from a perihilar invasive focus, the parietal layer 
may no longer slide easily over the tunica albu-
ginea, reflecting its tethering as mentioned above. 
This is best confirmed by microscopic examina-
tion of the parietal layer of the tunica vaginalis.

Invasion of the rete testis and epididymis is 
also included in T1 tumors; therefore, the tumour 
may be extensive, yet still qualify as T1 under 
the current system. Epididymal invasion almost 
always occurs from extension through the hilum 
either directly from the testis through the rete or 
indirectly from perihilar soft tissue that is invagi-
nated between the testis and the epididymis. No 
differentiation of method has ever been made or 
examined from the prognostic aspect. It is impor-
tant not to equate perihilar soft tissue invasion 
with invasion of the cord (T3).

T2 Tumors

T2 combines two separate criteria: tunica vagi-
nalis penetration (Fig. 34.8), which has been 
discussed above, and the far more important and 
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common vascular invasion, which is probably 
one of the few staging-related factors in germ cell 
cancer that is of interest to the clinician.

Assessment of vascular invasion in testicu-
lar tumors remains fraught with false positives 
due to the difficulty encountered in differentia-
tion of “true” vascular invasion with artifactual 
invasion, particularly in seminomas. Vascular 
invasion in non-seminomatous germ cell tumors 
is easier to identify and most frequently seen in 
embryonal carcinomas.

In our opinion, strict criteria for the identifica-
tion of vascular invasion are necessary. The tumor 
should be preferably in a clump of cells, associ-
ated with thrombotic material, and conform to 
the vessel shape, often adhering to its wall. Once 
one focus of vascular invasion is seen, it is usu-
ally possible to find tumor in adjacent vessels or 
further cuts of the same vessel.

The main reason for the overreporting of vas-
cular invasion is the very soft nature of some germ 
cell tumors on cut section, especially seminomas, 
which smear across sections, causing difficult-to-
avoid contamination of the testicular parenchyma. 
Loose seminoma cells in particular may be scat-
tered throughout a section and smeared over the 
cut surface or tunica as well as implanted in vas-
cular spaces. This makes identification of vascu-
lar invasion in seminomas especially challenging. 
Interestingly, vascular invasion has been proved to 
be only a fairly weak poor prognostic factor for 
seminoma [20], whereas vascular invasion is a 
strong prognostic factor for relapse in non-semi-
nomas, a fact proven in multiple series over the 
past 20 years [21–23]. The difficulty in making 
reliable assessments of vascular invasion in semi-
nomas may account for at least part of this finding.

T3 Tumors

Invasion of the testicular cord has been little ex-
amined in prognostic series of testicular tumors, 
but it has been shown to have an adverse prog-
nostic impact [24]. Differentiating cord invasion 
from perihilar adipose tissue has only been per-
formed in one study [23], which showed both 
were poor prognostic factors, but only perihilar 

invasion remained an independent predictor of 
distant disease on multivariate analysis. Deposits 
of tumour may be seen higher up the cord, which 
are non-contiguous with the testicular primary 
tumor. If such deposits are limited to the lumina of 
vessels, as they often are in this location, this find-
ing should not be regarded as T3 disease. If there 
is invasion of the adjacent soft tissue of the cord 
(Fig. 34.8), we do consider the case as a T3 tumor, 
although it could reasonably be argued that they 
should be considered as soft tissue metastatic de-
posits rather than as part of the primary T staging.

T4 Tumors

These are defined as showing scrotal invasion 
(T4) (Fig. 34.8). Although these tumors do occur, 
they are of great rarity and almost inevitably 
show metastatic disease at presentation.

Prognostic Factors Not Included  
in the TNM Staging Classification

There have been a number of recent studies that 
have challenged the ascendency of TNM and 
examined other prognostic histopathological 
markers in testicular tumors. It has become our 
practice to report most of these routinely to assist 
clinical decisions after diagnosis.

Percentage of Embryonal Carcinoma

The percentage and volume of embryonal carcino-
ma are associated with the rate of relapse in stage 
I NSGCTs [22, 25]. It is recommended that the 
percentages of the different elements (seminoma, 
yolk sac tumor, embryonal carcinoma, choriocar-
cinoma, teratoma) be given in broad estimates 
after assessment of all the blocks. This should be 
a practical “eyeball” assessment rather than a te-
dious non-reproducible exercise. The differences 
between 40 and 50 % embryonal carcinoma are 
probably of no significance, but a patient whose 
tumor is composed of 95 % teratoma and 5 % em-
bryonal carcinoma would be a more appropriate 
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candidate for surveillance than one having a tumor 
composed of 95 % embryonal carcinoma.

Size of the Primary Tumour

A number of studies have shown the size of the 
primary tumor, particularly for seminomas, pre-
dicted relapse. One study of patients with semi-
noma found size greater than 4 cm as a signifi-
cant independent prognostic factor [20], while 
another identified a 6-cm cutoff [26]. Another 
study showed that in non-seminomatous tumors, 
size was also a prognostic factor, but this was not 
significant using multivariate analysis [23].

Rete Testis Invasion

As mentioned above, rete testis invasion may be 
of many types, only some of which are probably 
of prognostic significance. Pagetoid invasion of 
the epithelium alone by seminoma-like cells is 
occasionally seen in association with IGCNU 
(Fig. 34.11). Also, loose seminoma cells may 
be seen “floating” within the rete tubules. A 
number of studies have suggested that rete tes-
tis invasion that is interstitial (Fig. 34.12) and 
not confined to the epithelium is an important 
prognostic factor in both seminomatous [27, 28]  
and non-seminomatous germ cell tumors [23]. 
It should be remembered, however, that size of 

tumor and rete testis invasion are very closely 
related. As these are not current parts of the 
TNM classification, reporting probably depends 
on discussion with the clinicians, but increas-
ingly, and especially in seminomas, they are 
being demanded as a pointer to the need for 
adjuvant treatment for those patients who have 
clinical stage I disease.
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Introduction

Testicular cancers, the great majority of which 
are of germ cell origin, represent the most com-
mon solid malignancy affecting males between 
the ages of 15 and 35 years, although they ac-
count for only 1 –1.5 % of all neoplasms in males 
and 5 % of urological tumors in general. Despite 
their relative infrequency compared to other ma-
lignancies of genitourinary origin, they have a 
complex morphological spectrum.

Germ Cell Tumors

Testicular germ cell tumors (GCT) represent the 
most frequent malignancies among men aged 
15–45 years [1]; their incidence in Western coun-
tries has been increasing for decades, and this 
trend appears to be ongoing [2]. Germ cell tu-
mors originate most frequently in the testis and 
the ovaries, but they can also occur in extrago-
nadal sites. Over 90 % of testicular tumors are 

of germ cell origin. Only approximately 3 % of 
cases are bilateral at diagnosis.

GCTs are broadly categorized as semino-
mas or non-seminomatous GCTs (NSGCTs). 
The peak incidence is in the third decade of life 
for NSGCTs and in the fourth decade for pure 
seminoma. The group of NSGCTs includes em-
bryonal carcinoma, yolk sac tumor, teratoma, and 
choriocarcinoma. Any component of a NSGCT, 
regardless of how minor, places the case in the 
NSGCT category, even if otherwise it is all semi-
noma. The recommended pathological classifi-
cation (modified from the 2004 version of the 
World Health Organization [WHO] guide) is 
shown in Table 35.1 [3, 4]. GCTs may consist of 
one predominant histologic pattern or represent a 
mixture of multiple histologic types.

A small metacentric marker chromosome, 
identified as an isochromosome of the short arm 
of chromosome 12 [i(12p)], that results in excess 
DNA from this locus, or other forms of chromo-
some 12p amplification, have been reported in 
almost all GCTs analyzed, suggesting that this 
karyotypic abnormality is characteristic of the 
whole spectrum of the postpubertal germ cell tu-
mors of the testis [5].

Intratubular Germ Cell Neoplasia

The evolution of the concept of intratubular 
germ cell neoplasia (also known as testicular 
intraepithelial neoplasia or carcinoma in situ) 
indicates that most adult germ cell tumors of 
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the testis evolve from a common neoplastic pre-
cursor lesion: intratubular germ cell neoplasia, 
unclassified type (IGCNU). At 5 years about 
50 % of patients with a testicular biopsy positive 
for IGCNU have developed invasive germ cell 
tumors, and only a small fraction remain free of 
invasive tumors by 7 years.

Microscopically, IGCNU is characterized by 
seminiferous tubules showing decreased or absent 
spermatogenesis. The cells normally lining the tu-
bules are replaced by basally located undifferenti-
ated germ cells. The malignant germ cells have 

the appearance of seminoma cells with enlarged, 
polygonal nuclei, coarse chromatin, enlarged 
single or multiple nucleoli, clear cytoplasm, and 
distinct cell membranes (Fig. 35.1). IGCNU cells 
express PLAP, CD117, SALL4, podoplanin, and 
OCT3/4 (Fig. 35.2a, b) (see Chap. 40).

Seminoma

Seminoma is the most frequent GCT (27–56 % of 
all germ cell neoplasms) and occurs most com-
monly in young to middle aged men (mean age 
at diagnosis 40 years) [6]. Grossly, it is typically 
a diffuse or multinodular soft tan-white mass 
(Fig. 35.3); focal necrosis may be present. Semi-
noma cells morphologically and immunophe-
notypically resemble embryonic germ cells. On 
microscopic examination, seminoma is charac-
terized by a framework of delicate fibrous septa 
with associated blood vessels and a sprinkling of 
lymphocytes (Fig. 35.4). A granulomatous reac-
tion, usually consisting of clusters of epithelioid 
histiocytes, is present in approximately 50 % of 
cases (Fig. 35.5). The tumor cells have distinct 
cytoplasmic membranes and polygonal nuclei, 
which often have “squared-off” nuclear edges, 
with large nucleoli (Fig. 35.6). Mitoses are vari-
able in number but easily identified. In approxi-
mately 10 % of cases, syncytiotrophoblastic cells 
are identified on routine sections, but these cases 

Table 35.1  Recommended pathological classification 
of testicular germ cell tumors
Germ cell tumors
 Intratubular germ cell neoplasia
 Seminoma

Classic
With syncytiotrophoblastic cells
 Spermatocytic seminoma (mention if there is 
sarcomatous component)

 Embryonal carcinoma
 Yolk sac tumor
 Choriocarcinoma
  Teratoma (specify if with a secondary malignant com-
ponent and type)
  Tumors with more than one histological type (specify 
percentage of individual components)
Sex cord/gonadal stromal tumors
 Leydig cell tumor
 Malignant Leydig cell tumor
 Sertoli cell tumor

Large cell calcifying
Sclerosing
Intratubular large cell hyalinizing

 Malignant Sertoli cell tumor
 Granulosa cell tumor

Juvenile type
Adult type

 Thecoma/fibroma group of tumors
  Tumors containing germ cell and sex cord/gonadal 
stromal components

Gonadoblastoma
Unclassified

Miscellaneous tumors of the testis
Carcinoid tumor
Brenner tumor
Tumors of ovarian epithelial types
Others

Metastatic tumors to the testis

Fig. 35.1  Intratubular germ cell neoplasia, unclassified 
type (IGCNU). The malignant germ cells have enlarged, 
polygonal nuclei, coarse chromatin, enlarged single or 
multiple nucleoli, and clear cytoplasm (40X)
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Fig. 35.3  Typical multinodular tan-white seminoma

 

Fig. 35.2  The malignant cells of IGCNU (a) are positive for OCT3/4 (b) (10X)

 

Fig. 35.4  Seminoma composed of uniform cells divided 
into clusters by delicate fibrous septa associated with mild 
lymphocytic infiltrate (10X)

 

Fig. 35.5  Seminoma with pronounced granulomatous 
reaction (10X)

 

Fig. 35.6  Seminoma cells have distinct cytoplasmic 
membranes and polygonal nuclei, which often have 
“squared-off” nuclear edges, with large nucleoli (40X)
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are still classified as “pure” seminoma. Similar to 
IGCNU, seminoma cells express PLAP, CD117, 
SALL4, podoplanin, SOX17, and OCT3/4.

Seminoma, 80 % of which are diagnosed at 
stage I, is highly sensitive to both radiotherapy 
and chemotherapy and, therefore, cure is an ex-
pected outcome in the majority of cases, even 
with metastatic disease at presentation [7]. The 
classical and the syncytiotrophoblastic types of 
seminoma behave similarly, although the syn-
cytiotrophoblastic subtype is associated with 
increased serum beta HCG levels. The spermato-
cytic type is infrequent, occurs in older men, and 
has a better prognosis since it rarely metastasizes 
(< 1 % of cases) in the absence of sarcomatous 
transformation, which is very rare. Spermato-
cytic seminoma and seminoma variants are dis-
cussed in Chap. 37.

Embryonal Carcinoma

Although pure embryonal carcinoma comprises 
approximately 10 % of testicular germ cell tu-
mors, it occurs as a component in more than 80 % 
of mixed germ cell tumors, mostly in young men, 
with a peak of incidence around 30 years of age 
[4, 6]. Grossly, embryonal carcinoma is soft gray-
red to tan-yellow with foci of hemorrhage and 
necrosis (Fig. 35.7). Microscopically it is com-
posed of pleomorphic cells with abundant cyto-
plasm and large, irregular nuclei with prominent 
macronucleoli. The cells border are usually indis-
tinct and the cells tend to crowd with overlapping 
nuclei (Fig. 35.8). Mitotic figures are frequent. 
The cells can form sheets or acinar, glandular 
(Fig. 35.9a), papillary (Fig. 35.9b), and tubular 
structures. Embryonal carcinomas express PLAP, 
OCT3/4, CD30, SALL4, SOX2, and cytokeratin; 
EMA and vimentin are usually negative.

Yolk Sac Tumor

Yolk sac tumor is the most common testicular 
neoplasm in children and occurs in all races: 
80 % of pure yolk sac tumors occur in the first 
2 years of life. Unlike the germ cell tumors of 
older patients, those in children have had a steady 

Fig. 35.8  Embryonal carcinoma cells are pleomorphic 
with abundant cytoplasm and large, irregular nuclei with 
prominent macronucleoli. The cells border are usually 
indistinct and the cells tend to crowd with overlapping 
nuclei (20X)

 

Fig. 35.7  Embryonal carcinoma grossly characterized by 
a soft gray-pink tumor with peripheral hemorrhage
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incidence over the years and are not associated 
with IGCNU. Pure yolk sac tumor in adults is un-
common, comprising approximately 1.5 % of tes-
ticular germ cell tumors; however, yolk sac tumor 
is found as a component of ~ 40 % of mixed germ 
cell tumors. The age of incidence in adults cor-
responds to that of patients with testicular mixed 
germ cell tumors. Serum alpha fetoprotein (AFP) 
levels are elevated in 90 % of cases.

On gross examination, the tumor is typically 
solid and soft, white-gray or light yellow with 
areas of cystic degeneration (Fig. 35.10). Large 
tumors may show necrosis and hemorrhage. Sev-
eral microscopic growth patterns have been de-
scribed, with the microcystic or reticular pattern 
being the most common one (Fig. 35.11a) [4, 6, 
8] and consisting of sheets of prominently vacu-
olated tumor cells (lipoblast-like) or an anasto-
mosing network of flattened neoplastic cells in 
a loose stroma. Other patterns include macro-
cystic, papillary (Fig. 35.11b), glandular, endo-
dermal sinus, solid, myxomatous (Fig. 35.11c), 
polyvesicular vitelline, hepatoid, enteric, and 
parietal. Schiller-Duval bodies and eosinophilic 
hyaline globules are highly characteristic of yolk 
sac tumor. The former consist of solitary papil-
lae with a central vascular core enveloped by en-
dodermal epithelium. Hyaline globules are non-
membrane-bound cytoplasmic and extracellular 
globules of uncertain composition. Another char-
acteristic finding is bandlike deposits of extracel-
lular basement membrane between tumor cells, 
so-called parietal differentiation of the tumor.

The tumor cells stain for low molecular 
weight cytokeratin (but not cytokeratin 7), PLAP, 

Fig. 35.9  Embryonal carcinoma with glandular (a), and papillary (b) growth pattern (20X)

 

Fig. 35.10  Yolk sac macroscopically characterized by a 
solid and soft, light gray-yellow tumor
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glypican 3 and focally for AFP, but are negative 
for OCT3/4. The solid variant of yolk sac tumor, 
which may be confused with seminoma, is dis-
cussed in Chap. 37.

Choriocarcinoma

Choriocarcinoma is very rare (< 1 %) as a pure 
testicular germ cell tumor; much more often it is 
admixed with other germ cell tumor elements. It 
occurs in young patients (mean age 25–30 years) 
who commonly present with symptoms related 
to metastatic disease. The patients typically 
have elevated levels of serum HCG. Grossly, it 

commonly forms a hemorrhagic and necrotic 
nodule (Fig. 35.12).

Histologically choriocarcinoma is composed 
of an admixture of syncytiotrophoblastic, cy-
totrophoblastic, and intermediate trophoblastic 
cells (Fig. 35.13a, b). The cytotrophoblastic cells 
are mononucleated with pale to clear cytoplasm, 
marked nuclear atypia, and one or two promi-
nent nucleoli. The syncytiotrophoblastic cells are 
multinucleated with abundant eosinophilic to ba-
sophilic cytoplasm; they typically have several, 
large, irregularly shaped, hyperchromatic nuclei 
that frequently have a “smudged” appearance 
(Fig. 35.13a). Intermediate trophoblastic cells 
have eosinophilic to clear cytoplasm and single 

Fig. 35.12  Testis largely 
replaced by a hemorrhagic 
nodule of choriocarcinoma

 

Fig. 35.11  Yolk sac tumor with microcystic or reticular pattern (a), papillary pattern (b), and myxomatous pattern (c) 
(20X)
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nuclei. The background is extensively hemor-
rhagic and necrotic [4, 6] (Fig. 35.13b).

The syncytiotrophoblastic cells express HCG, 
but the cytotrophoblastic ones show weak to no 
staining. All cell types express cytokeratin, and 
about half of the cases express EMA and PLAP. 
Inhibin is also typically positive.

Teratoma

Teratoma occurs in two age groups: in children 
the incidence ranges from 24 to 36 %; in adults 
pure teratoma accounts for 2.7–7 % of testicular 
germ cell tumors, but a teratomatous component 
is detected in approximately half of germ cell 
tumors. Teratoma is the second most common 
germ cell tumor in young children (first and sec-
ond year of life), in whom it is invariably benign. 
On the other hand, almost all tumors occurring at 
postpubertal ages (young adults) have a malig-
nant potential, even when histologically mature 
[8]. Most lesions are nodular and firm and have 
a heterogeneous cut surface with solid and cystic 
areas (Fig. 35.14). Cartilage, bone, and pigment-
ed areas may be recognizable.

Mature teratoma is composed of well-differ-
entiated somatic tissues resembling those seen at 
other body sites, including squamous, enteric, and 
respiratory epithelium, cartilage, and muscular 
tissue. Immature teratoma, in addition to mature 
elements, contains incompletely differentiated tis-
sues resembling those of embryonic development  

including immature neuroectoderm, Wilms tu-
mor-like blastema and stroma and rhabdomyo-
blastic cells. The teratomas in the postpubertal 
group commonly show cytologic atypia and 
disorganized arrangements of elements, whereas 
those in the prepubertal patients are cytologically 
bland and frequently organoid. This disparity in 
morphology reflects their derivation from either 
IGCNU (postpubertal group) or a non-trans-
formed, benign germ cell (prepubertal group). 
The presence of immature elements does not alter 
the behavior of the postpubertal tumors, and it is 
therefore not considered necessary to make a dis-
tinction between mature and immature teratoma. 
Teratoma with a secondary malignant component 
is characterized by overgrowth of a malignancy 
resembling those seen at somatic sites, either a 
sarcoma, or a carcinoma, or both. A secondary 
sarcoma (such as primitive neuroectodermal 

Fig. 35.13  Choriocarcinoma composed of an admixture of syncytiotrophoblastic, cytotrophoblastic (a), and intermedi-
ate trophoblastic cells in a hemorrhagic background (b)

 

Fig. 35.14  Teratoma with heterogeneous cut surface with 
solid and cystic areas
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tumor or PNET) arising in a teratoma should be 
considered when the sarcoma forms a nodule 
equal to or greater than a 4X objective micro-
scopic field (Fig. 35.15).

Epidermoid cyst, dermoid cyst (mature cystic 
teratoma), and non-dermoid benign teratoma are 
discussed in Chap. 37.

Sex Cord/Gonadal Stromal Tumors

Testicular stromal tumors are rare and account 
for only 2–4 % of adult testicular tumors.

Leydig Cell Tumor

Leydig cell tumors are the most common type of 
sex cord/gonadal stromal tumor, accounting for 
1–3 % of adult testicular neoplasms [9] and 3 % 
of tumors in infants and children. Approximately 
3 % of Leydig cell tumors are bilateral [10]. They 
exhibit a peak incidence in preadolescent chil-
dren (3–9 years old) as well as in the older (third 
to sixth decade) age groups.

Grossly, they are typically well circum-
scribed, solid, and usually yellow or yellow-tan 
(Fig. 35.16). Hemorrhage and/or necrosis may be 
present in 30 % of cases and cause concern for 
malignancy. Microscopically, the cells are polyg-
onal, with abundant eosinophilic, slightly granu-
lar cytoplasm, occasional Reinke crystals (found 

in approximately 1/3 of cases), and regular nu-
clei. The most common microscopic pattern is 
diffuse (Fig. 35.17a), although growth as large 
tumor nodules, nests, pseudoglandular structures 
(Fig. 35.17b), and cords may also occur [8]. The 
cells express vimentin, inhibin, S-100 protein, 
steroid hormones, calretinin, cytokeratin (fo-
cally), and steroidogenic factor-1 [SF-1] [11, 12].

Leydig cell tumors must be distinguished 
from the multinodular tumor-like and often bilat-
erally occurring lesions of the adrenogenital syn-
drome (so-called testicular tumor of the adreno-
genital syndrome). The latter usually has a more 
prominent fibrous stroma, increased cytoplasmic 
lipofuscin and is positive for synaptophysin and 
negative for androgen receptor, with Leydig cell 
tumors having the opposite immunohistochemi-
cal pattern [13].

Unusual morphologic features of Leydig cell 
tumor, such as cyst formation, adipose meta-
plasia, calcification or ossification and spindle 
cell pattern, have been described [14, 15]. Cys-
tic spaces may result in confusion with yolk sac 
tumor; adipose differentiation may be seen in 
some cases of the testicular tumor of the andro-
genital syndrome, further complicating the dis-
tinction of these two entities.

Malignant Leydig Cell Tumor

Up to 10 % of Leydig cell tumors are malignant. 
About 15–20 % of the patients with malignant 

Fig. 35.16  Testis with a well-circumscribed solid tan 
nodule of Leydig cell tumor

 

Fig. 35.15  Primitive neuroectodermal tumor (PNET) 
arising in a teratoma
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Leydig cell tumors already present with meta-
static disease, particularly in the lymph nodes, 
lung, and liver. The diagnosis of malignancy is 
not always easy since there are no absolute histo-
logical criteria.

Malignant tumors are associated with the fol-
lowing parameters: large size (> 5 cm), nuclear 
atypia, increased mitotic activity (> 3 per 10 
high-power field), increased MIB-1 expression 
(18.6 vs 1.2 % in benign), necrosis, lymphovas-
cular invasion, infiltrative margins, extension 
beyond the testicular parenchyma (invasion into 
rete testis, epididymis, or tunica), and DNA aneu-
ploidy [16, 17]. In addition, older patients seem 
to have a greater risk of harboring a tumor of 
malignant potential. Based on personal experi-
ence, there are, however, rare cases that lack all 
of these features that have nonetheless followed a 
malignant course. For this reason it is prudent to 
consider Leydig cell tumors to be neoplasms with 
a spectrum of biological behavior from those at 
very low risk to those with highly elevated risk 
for malignant behavior based on the pathologic 
findings.

In tumors with histological signs of malig-
nancy, especially in patients of older age, orchi-
dectomy and retroperitoneal lymphadenectomy 
is recommended. Tumors that have metastasized 
to lymph nodes, lung, liver, or bone are generally 
refractory to chemotherapy or radiation and sur-
vival is poor [18].

Sertoli Cell Tumor

Sertoli cell tumors account for about 1 % of tes-
ticular tumors, and the mean age at diagnosis is 
around 45 years, with rare cases under 20 years 
of age [19]. Certain subtypes of Sertoli cell tu-
mors (large cell calcifying Sertoli cell tumor, in-
tratubular large cell hyalinizing Sertoli cell neo-
plasia and Sertoli cell adenoma) may develop in 
patients with certain clinical conditions (the Car-
ney complex, Peutz-Jeghers syndrome and the 
androgen insensitivity syndrome, respectively).

Most classic Sertoli tumors are unilateral and 
unifocal. Grossly the tumors are well circum-
scribed, yellow, tan or white, with an average di-
ameter of 3.5 cm. Cystic changes may be present. 
Hemorrhage and necrosis may be seen, particu-
larly in malignant tumors [8]. Microscopically, 
the cells are eosinophilic to pale with vacuolated 
cytoplasm. The nuclei are usually regular, some-
times grooved and there may be inclusions. The 
arrangement of the cells is tubular or solid; a cord-
like or retiform pattern is possible (Fig. 35.18). 
The stroma is typically fine, but in some cases 
a sclerosing aspect predominates. In many cases 
a prominent diffuse growth pattern with limited 
evidence of tubular formation has been reported. 
The cells express vimentin, cytokeratins, inhibin 
(40 %), and S-100 protein (30 %) [19].

Two subtypes of Sertoli cell tumors are cur-
rently recognized as distinct variants which dif-
fer in apparent malignant potential as well as 
association with extragonadal disease processes. 

Fig. 35.17  Leydig cell tumor with diffuse (a) and pseudoglandular (b) pattern of growth (20X)
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Determination of the histological subtype is es-
sential to allow appropriate risk-adapted therapy.

Large-Cell Calcifying Sertoli Cell Tumor
Large-cell calcifying Sertoli cell tumor is diag-
nosed in younger men (mean age 16 years) and 
is related to the Carney complex in up to 40 % of 
the cases and rarely the Peutz-Jeghers syndrome 
(which is more characteristically associated with 
intratubular large cell hyalinizing Sertoli cell 
neoplasia). It occurs predominantly in children 
and young adults [20]. Macroscopically, the tu-
mors are usually smaller than 4 cm, have well-
defined margins, and are yellow-tan. Tumors can 
be multifocal and bilateral in 20–40 % of cases, 
almost always in syndromic cases. This variant 
of Sertoli cell tumor form has a characteristic 
image on ultrasound study, with brightly echo-
genic foci due to calcifications.

Microscopically, tumor cells are organized in 
sheets, nests, cords, ribbons, and trabeculae and 
there is usually focal solid tubule formation. The 
cytoplasm of the tumor cells is eosinophilic and 
the surrounding stroma can be myxoid to collag-
enous with frequent neutrophilic infiltration [21]. 
Prominent foci of calcification with large lami-
nated calcified nodules are a frequent finding and 
are considered to be one of the diagnostic criteria 
(Fig. 35.19).

Malignant tumors are more likely to be unilat-
eral and solitary. A strong association with malig-
nant behavior has been reported with size larger 

than 4 cm, extratesticular growth, necrosis, high-
grade cytologic atypia, vascular invasion, and a 
mitotic rate of more than three mitoses for ten 
high-power fields. All malignant cases exhibited 
at least two of the above-mentioned features [22]. 
There are some hints that discrimination between 
an early and late onset type may define a different 
risk for metastatic disease (5.5 % compared with 
23 %) [23]. In the malignant cases the prognosis 
is very poor and it is difficult to select the best 
treatment because of the limited experience with 
this type of tumor.

Since tumors occurring in younger patients 
with genetic syndromes and/or endocrine abnor-
malities have a low malignant potential and rare-
ly give rise to distant metastases, in cases sus-
picious for large cell calcifying Sertoli tumors, 
partial orchiectomy is recommended over total 
orchiectomy, especially if bilateral and multifo-
cal [20, 24].

Intratubular large cell hyalinizing Sertoli cell 
neoplasia and large cell calcifying Sertoli cell 
tumor are also discussed in Chap. 37.

Sclerosing Sertoli Cell Tumor
Forty-two cases of sclerosing Sertoli cell tumor 
have been reported [25, 26]. Grossly the tumor is 
a hard, well circumscribed, white to tan nodule. 
Histologically the tumor is characterized by solid 
and hollow, simple and anastomosing tubules, 
large irregular aggregates, and thin cords of Ser-
toli cells in a prominent collagenous background 
[27] (Fig. 35.20). The tumor cells are of medium 

Fig. 35.19  Large-cell calcifying Sertoli cell tumor

 

Fig. 35.18  Sertoli cell tumor. The cells are arranged in a 
cord-like pattern (20X)
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size and have pale cytoplasm, which sometimes 
contained large lipid vacuoles; the round nu-
clei vary from small and dark to vesicular. Only 
one case of sclerosing Sertoli cell tumor with a 
malignant course has been reported [26], and 
this tumor, unlike the others, exhibited invasive 
growth and lymphovascular involvement.

Malignant Sertoli Cell Tumor

The rate of malignant tumors ranges between 10  
and 22 %, and fewer than 50 cases have been re-
ported [22, 28]. Features of a malignant Sertoli 
tumor are large size (> 5 cm), moderate to severe 
nuclear atypia, increased mitotic activity (> 5 per 
10 HPF), necrosis, and vascular invasion [8]. A 
diffuse growth pattern is more likely to be seen in 
malignant tumors.

Granulosa Cell Tumors

Granulosa cell tumor is a sex cord/stromal neo-
plasm that more commonly arises in the ovaries. 
Approximately 80 cases have been reported in the 
testis, 30 of the adult type, and 50 of the juvenile 
type [29]. Malignant tumors represent around 
20 % of the adult cases. They are usually > 7 cm 
diameter. Vascular invasion and necrosis are fea-
tures suggestive of a malignant clinical course. 

The behavior of the juvenile type has been uni-
formly benign, in contrast to the ovarian counter-
part.

Juvenile Type Granulosa Cell Tumor
The juvenile type granulosa cell tumor mostly in-
volves infants (typically in the first few months 
of life) and has a benign course. It is the most 
frequent congenital tumor of the testis and rep-
resents 6.6 % of all prepubertal testicular neo-
plasms. These tumors are white-yellow and lobu-
lated, vary greatly in size, and may replace most 
of the testis. A partially cystic appearance is char-
acteristic. The microscopic appearance ranges 
from predominantly epithelial to predominantly 
stromal, although a mixed pattern with some de-
gree of follicle formation is the most common [8] 
(Fig. 35.21). A lobular pattern at low magnifica-
tion is typical. The nuclei usually lack the nuclear 
grooves characteristic of the ovarian adult granu-
losa cell tumor. Juvenile granulosa cell tumors 
in males are always benign, and simple orchiec-
tomy suffices for cure.

Juvenile granulosa cell tumor is also discussed 
in Chap. 37.

Adult Type Granulosa Cell Tumor
With the adult type, the average age at presenta-
tion is 44 years. The typical morphology is of a 
homogeneous, yellow-grey tumor, with elongated 
cells with grooves in diffuse, microfollicular, and 

Fig. 35.20  Sclerosing Sertoli cell tumor composed of 
thin cords of Sertoli cells in a prominent collagenous 
background

 

Fig. 35.21  Low-power magnification of juvenile type 
granulosa cell tumor with mixed epithelial and stromal 
pattern and cyst formation (4X)
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Call-Exner body arrangements (Fig. 35.22). The 
tumor cells express CD99, calretinin, inhibin, and 
may express smooth muscle actin. Keratin stains, 
placental alkaline phosphatase, and CD117 are 
negative, excluding embryonal carcinoma and 
seminoma. AFP, which is positive in yolk sac 
tumor, is negative in granulosa cell tumors [29].

Similarly to the ovarian counterpart, approxi-
mately 20 % of testicular adult type granulosa 
cell tumors have been reported to be malignant 
[30, 31]. Tumor size larger than 5 cm has been 
suggested as a feature associated with malignan-
cy in the testis [32]. However, there are no estab-
lished discriminating criteria at present to predict 
which tumors will follow an aggressive course.

Fibrothecoma

Thecomas are benign stromal tumors arising 
from ovarian theca cells and constitute 1 % of 
all ovarian tumors. Ovarian stromal tumors are 
classified into either thecoma or fibroma, and fre-
quently grouped together as “fibrothecoma.”

Testicular fibrothecoma is a rare intratesticu-
lar spindle cell neoplasm [33]. It presents most 
commonly in the third and fourth decades of life 
as a painless testicular mass, or rarely with scro-
tal pain. It ranges from 0.5 to 7.6 cm in diameter 
and appears as a tan-white, well-circumscribed, 
although not encapsulated, firm nodule [34]. 
Macroscopically, fibrothecomas typically about 

the tunica albuginea; occasionally they may be 
centered on the rete testis. Hemorrhage or necro-
sis is not present. Microscopically, the tumor is 
mildly to markedly cellular with bland spindle 
cells arranged in a randomly interweaving or sto-
riform pattern (Fig. 35.23). Small dilated blood 
vessels are frequently present. Various degrees of 
collagen deposition can be seen, either in bands 
or investing individual cells, and may form acel-
lular plaques within the tumor. Tumor cells show 
variable immunoreactivity for inhibin, calretinin, 
melan-A, pan keratin, smooth muscle actin, and 
vimentin [33, 34]. Although testicular fibroth-
ecoma may show worrisome features including 
minimal invasion into the surrounding stroma, 
elevated mitotic rates, and high cellularity, their 
behavior appears to be uniformly benign [34].

Thecoma is an extremely rare tumor in the tes-
tis and only two cases have been reported to date, 
one of them in the context of the Gorlin syndrome. 
This tumor arose from the tunica albuginea of the 
testis and was composed predominantly by spin-
dle cells with occasional luteinization [35].

Tumors Containing Germ Cell and Sex 
Cord/Gonadal Stromal Cells

Gonadoblastoma
Gonadoblastoma is a rare gonadal neoplasm 
that occurs mostly in individuals who are phe-
notypic females and have an underlying gonadal 

Fig. 35.23  Low-power magnification of testicular fi-
brothecoma

 

Fig. 35.22  Low-power magnification of adult type gran-
ulosa cell tumor
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disorder (gonadal dysgenesis with ambiguous 
genitalia). Many patients have genetic conditions 
that result in deficient Sertoli cell development. 
Bilateral tumors are present in 40 % of cases. 
Gonadoblastoma is composed of nests of germ 
cells and immature cells of Sertoli or granulosa 
type; cells resembling Leydig and lutein cells are 
usually present as well in the intervening stroma 
(Fig. 35.24). The germ cells often vary in appear-
ance, with some having the morphological and 
immunophenotypic features of IGCNU, others 
having features of germ cells with delayed matu-
ration, and still others appearing normal. The 
prognosis is correlated with the invasive growth 
of the germ cell component.

Miscellaneous Tumors of the Testis

Carcinoid Tumor

Testicular carcinoid tumors are very rare and ac-
count for less than 1 % of all testicular neoplasms 
[36]. These tumors may be classified into three 
distinct groups, most commonly: primary tes-
ticular carcinoid (first), carcinoid differentiation 
within a mature teratoma (second), and metasta-
ses from an extra-testicular source (third).

Recently 29 testicular carcinoid cases were re-
ported in a multi-institution study: 19 were pure 
carcinoid tumors, 3 were associated with cystic 
teratoma, 2 with cysts lacking epithelial lining, 
4 with epidermoid cyst, and 1 with dermoid cyst 

[37]. Patients ranged in age from 12 to 65 years 
(mean 36); mean size was 2.5 cm. Two patients 
had carcinoid syndrome including diarrhea, hot 
flashes, and palpitations. Intratubular germ cell 
neoplasia, unclassified type was not present in 
any of the cases.

Most primary carcinoid tumors of the testis 
have a benign clinical course even if associated 
with epidermoid/dermoid cysts, or histologically 
mature teratoma. However, lesions with the mor-
phology of atypical carcinoid can occasionally 
exhibit metastatic spread [37].

Metastatic Tumors to the Testis

Metastatic carcinomas to the testis may simu-
late primary testicular neoplasms. Prostate is the 
most common primary site, followed by kidney, 
colon, urinary tract (bladder and renal pelvis), 
lung, and esophagus [38]. Findings useful in ac-
curate diagnosis include the occasional lack of a 
distinct mass on gross examination, bilaterality 
(although this is unusual), conspicuous intertubu-
lar growth, and prominent intralymphatic spread. 
The occurrence of conspicuous intrarete or intra-
tubular growth in some cases (especially prostate 
carcinoma) may cause confusion with primary 
rete testis adenocarcinomas or germ cell tumors, 
respectively [38].
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Introduction

Testicular germ cell tumors show unmatched 
chemo- and radiosensitivity when compared 
to other solid tumors. This has led to treatment 
strategies which differ markedly from other pri-
mary neoplasms. The resection of residual tumor 
foci after treatment has become extremely com-
mon over the past 20 years. This can be because 
the primary tumor was unresected before medi-
cal treatment was instituted: more usual in cases 
of widely disseminated disease. Secondly, there 
may be disease detectable on imaging in the ret-
roperitoneum or other organs after resection of 
the primary tumor and subsequent treatment.

The most common sites for metastasis for a 
germ cell tumor, as might be expected, consid-
ering its embryological descent from the retro-
peritoneum, are the retroperitoneal lymph nodes. 
Thus, retroperitoneal lymph node dissection 
(RPLND) has become an established therapy for 
residual disease.

Germ cell tumors after therapy may show a 
variety of unusual changes and morphologies. 
Some of these changes are seen within weeks 
of treatment but other relapse changes may not 
become apparent for many years after primary 
therapy. These changes may radically change 
the second line therapy administered, and dif-
ferent diagnoses may result in further surgery, 
varied chemotherapeutic regimens, radiotherapy, 

or surveillance. Therefore, an understanding of 
germ cell tumors after treatment is essential, if 
correct therapy is to be administered.

Macroscopic Assessment

Testicular Specimens After 
Chemotherapy

The macroscopic assessment of the testis after 
chemotherapy does not vary from standard pro-
tocols used in diagnostic cases. However, the 
changes seen after chemotherapy may be subtle. 
Even sizeable tumors may regress or even com-
pletely disappear after chemotherapy, depending 
on the length of time between administration of 
chemotherapy and excision. The testis often has 
lost its typical yellow golden parenchyma and be-
come fibrotic with dull and tan areas. Sometimes 
areas of hemorrhage are seen. It is important to 
sample carefully all the different areas, as well as 
any normal parenchyma so that intratubular germ 
cell neoplasia, unclassified type (IGCNU) can be 
diagnosed.

Retroperitoneal Lymph Nodes

Clinical Considerations

RPLNDs may either occur as primary resec-
tions, at the same time as the diagnostic tumor 
is removed, or after therapy. Prior to therapy, the 
changes in RPLNDs mirror those of the primary 
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tumor. The practice of primary prophylactic 
RPLND is performed in some centers, but is not 
universal. Although it can prevent later recur-
rence, the morbidity of the surgery is such that 
the vast majority of patients are cured with less 
invasive techniques: either radiotherapy to in-
volved lymph nodes or chemotherapy.

Primary RPLNDs may be carried out for rare 
non-germ cell primary testicular tumors such as 
malignant Sertoli cell tumors [1]. The reasoning 
here is that these tumors do not respond to ad-
juvant treatments, and therefore, prophylactic re-
section remains the only hope of long-term con-
trol and survival. However, these tumors are too 
rare for any formal study.

The vast majority of RPLNDs are performed 
after orchidectomy and chemo-/radiotherapy on 
residual masses. Paradoxically, during chemo-
therapy some masses may enlarge: this is thought 
to be due to maturation of malignant elements 
such as embryonal carcinoma to teratoma, and be 
a good prognostic indicator [2]. Surgery may also 
be guided by the serum markers: A high alpha 
fetoprotein (AFP) or beta human chorionic go-
nadotropin (β-HCG) will likely indicate residual 
yolk sac tumor or trophoblast, respectively, and 
indicate the need for further chemotherapy prior 
to excision.

Macroscopic Examination

Retroperitoneal lymph node excision specimens 
may vary from the excision of large masses 
which may be attached to adjacent organs, espe-
cially the kidneys (Fig. 36.1) to the excision of 
small lymph nodes embedded in adipose tissue, 
showing no macroscopic abnormality.

The techniques used therefore have to vary 
according to circumstance. Margin positivity for 
tumor is rare in RPLNDs but it is a poor prognos-
tic factor [3]. Therefore, we recommend inking 
any specimens with enlarged lymph nodes. Sam-
pling of the enlarged nodes should be extensive: 
at least 1 block/cm, as small tumor foci can be 
missed in large necrotic foci.

It is also very important to have adequate clin-
ical history and the reason for the RPLND. This 

should include the serum markers, as fairly small 
tumor deposits can produce substantial amounts 
of β-HCG and AFP.

Metastatectomies for germ cell tumor in other 
organs are also increasing in frequency. Lung and 
liver metastases may all be resected, especially if 
the clinicians believe that they consist of mature 
teratoma. Again, close inspection, inking of mar-
gins, and generous blocking are good practice.

Microscopy of Postchemotherapy  
Germ Cell Tumors

In most cases the microscopic examination of 
most RPLNDs is relatively straightforward, as 
the vast majority will show either necrosis or 
teratoma. Below we describe the varied findings 
in RPLNDs.

Necrosis
Necrosis is the most frequent RPLND find-
ing. The necrotic areas are often surrounded by 
a prominent infiltrate of foamy macrophages, 
scattered hemosiderin, and an active fibroblastic 

Fig. 36.1  A large necrotic metastasis which has necessi-
tated a nephrectomy after chemotherapy. The testis is also 
seen below with a much smaller mass showing teratoma
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proliferation. Within the necrotic foci, pyk-
notic nuclei in the ghost-like outlines of tumor 
cells may be seen, often surrounding vessels 
(Fig. 36.2). These foci often retain their immu-
nophenotype (Fig. 36.3). These semideposits or 
unviable deposits should not be considered evi-
dence of persistent germ cell tumor. Only cells 
with intact nuclei and well-preserved chromatin 
pattern and cytoplasm should be considered as 
viable.

Mature Teratoma
This is the second most frequent finding at 
RPLND. The presence of teratoma is often ex-
pected on macroscopy as the lymph nodes are 
often multicystic (Fig. 36.4) and filled with clear 

or brown fluid. On close inspection some solid 
areas can have the glistening surface of cartilage.

Microscopically, the tumor shows a typical 
mixed organoid pattern with epithelial and stroma 
elements, as seen in testicular teratoma (Fig. 36.5).

Persistent teratoma often shows significant 
cytological atypia in both mesenchymal and 
epithelial components. In the absence of stromal 
invasion or overgrowth, with preservation of a 
typical organoid appearance by the teratoma the 

Fig. 36.2  Postchemotherapy necrosis within a lymph 
node. Ghost outlines of the malignant tumor are seen

 

Fig. 36.3  Immunohistochemistry for β-HCG on this 
necrotic postchemotherapy metastasis can still highlight 
syncytiotrophoblastic cells

 

Fig. 36.4  Macroscopic appearance of postchemothera-
py retroperitoneal lymph nodes showing extreme cystic 
change. The lymph nodes are involved by teratoma

 

Fig. 36.5  Microscopic features of a solid area from a 
postchemotherapy teratoma. Note the organoid arrange-
ment of components with many epithelial and stromal 
elements
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presence of cytologic atypia has no adverse sig-
nificance and can be ignored [4].

Residual “Malignant” Germ Cell Tumor
This is a relatively unusual finding and is often 
suspected due to raised serum markers. Most 
cases will only have small amounts of tumor 
present, as cases where the serum markers are 
very high will not be considered for resection.

Embryonal carcinoma is similar in appear-
ance to that seen in the testis (Fig. 36.6), though 
it should be noted that CD30 is often negative 
in these tumors after chemotherapy [5]. OCT3/4 
is positive, however, and morphology should be 
sufficient to differentiate embryonal carcinoma 
from seminoma.

Seminoma in RPLNDs is unusual: often semi-
noma is highly infiltrative in the retroperitoneum, 
and resection is surgically challenging, and im-
aging often shows tumor wrapped around major 
vessels. In any chemo- or radioresistant semino-
ma it is worth taking a second look at the tumor 
to exclude the possibility of a malignant Sertoli 
cell tumor that has been erroneously diagnosed.

Yolk sac tumor has a protean nature, and in late 
recurrences, it tends to show even more unusual 
patterns, especially the glandular form which may 
resemble an adenocarcinoma and lead to misdi-
agnosis (Fig. 36.7). As long as the pathologist is 
aware of a high serum AFP, this should not occur; 
however, the morphological appearances may be 
misleading and immunohistochemistry for AFP 
may be patchy, though glipican-3 now provides a 

more sensitive immunomarker [6]. The glandular 
type of yolk sac tumor appears to be particular-
ly resistant to chemotherapy while the hepatoid 
form is more common in metastases (Fig. 36.8).

Choriocarcinomas may be difficult to diag-
nose without knowledge of the serum markers. 
They may lack a well-defined biphasic pattern 
and mainly consist of mononucleated trophoblast 

Fig. 36.6  Residual embryonal carcinoma after chemo-
therapy, which is here surrounded by substantial necrosis

 

Fig 36.7  Glandular type yolk sac tumor. This is usually 
seen in late recurrences and is usually chemoresistant

 

Fig. 36.8  A small amount of hepatoid type yolk sac 
tumor in the edge of a largely necrotic postchemotherapy 
germ cell tumor
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cells alone. As they frequently metastasize to un-
usual sites, they may be seen by non-genito-uri-
nary pathologists, and if a history is not available, 
misdiagnosis is not infrequent. We have seen 
choriocarcinoma misdiagnosed as squamous cell 
carcinoma on a number of occasions.

Cystic trophoblastic tumor is an entity unique 
to germ cell oncology thought to be derived 
from postchemotherapy metastatic choriocarci-
noma [7]. Cysts are lined with semiviable cells 
(Fig. 36.9) with partially smudged nuclei and 
degenerate chromatin. Small papillary ingrowths 
may occur as well as cells apparently free float-
ing in the cyst fluid. Syncytiotrophoblastic cells 
may also be seen. These appearances are not con-
sidered a reason for additional chemotherapy.

The volume of residual malignant germ cell 
tumor has also been used by some to predict the 
need for further therapy [3]. It has been suggest-
ed that patients with very small volumes of non-
teratoma on RPLND may escape further salvage 
therapy; therefore, quantification of the residual 
tumor may be important.

Somatic Transformations

A number of case series analyses since the mid-
1980s have sought to understand the behavior of 
germ cell tumors that undergo transformation to a 
malignant non-germ cell phenotype, usually after 
platinum-based chemotherapy. Sarcomas (leio-

myosarcoma, rhabdomyosarcoma, liposarcoma, 
chondrosarcoma), primitive neuroectodermal tis-
sue (neuroblastoma, neuroepithelioma), nephro-
blastoma, mesothelioma, adenocarcinoma, and 
even non-Hodgkin’s lymphoma and leukemia 
have all been described [8–13]. Their pathogene-
sis is disputed. Some suggest there is differentia-
tion of totipotent (embryonal) cells which subse-
quently become malignant. Selection for chemo-
resistant malignant cells following chemotherapy 
is also possible, and the third hypothesis suggests 
that chemotherapy may be inducing malignant 
transformation of the germ cell tumor. Somatic 
malignant transformations are usually diagnosed 
on follow-up imaging which show an enlarging 
mass or masses in spite of falling or negative 
germ cell tumor markers. Therefore, a high index 
of suspicion is necessary and simple follow-up 
with serial AFP and β-HCG is probably insuffi-
cient. Chemotherapy appears largely ineffective 
in treating these tumors. RPLND is the preferred 
mode of treatment, therefore with clearance of as 
many metastases as possible.

Transformation Versus Immature 
Teratoma

It can be challenging to differentiate a teratoma 
with widespread immaturity from a somatic 
transformation. Teratomas tend to preserve their 
organoid arrangement with mixed epithelial and 
stromal elements. Atypical mesenchymal ele-
ments that overgrow the surrounding germ cell 
tumor and exceed > 0.5–1 low-power field (× 4 
objective) are suspicious for transformation. The 
presence of atypical mitoses within the trans-
forming area has also been used [12].

Sarcomatous Transformations

In the most recent published series the tumors 
included embryonal rhabdomyosarcoma ( n = 29), 
angiosarcoma ( n = 6), leiomyosarcoma ( n = 4), 
undifferentiated sarcoma ( n =3), and single ex-
amples of myxoid liposarcoma, malignant pe-
ripheral nerve sheath tumor, malignant “triton” 

Fig. 36.9  A cyst lined by atypical partially viable cells, 
which were positive for β-HCG. This represents cystic 
trophoblastic disease
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tumor, and epithelioid hemangioendothelioma 
[13]. It also confirmed the poor outcome of sar-
comatous transformation compared with recur-
rent germ cell tumor.

Primitive Neuroectodermal 
Transformation

Primitive neuroectodermal transformation is 
one of the more frequent transformations seen 
(Fig. 36.10). The morphological type of PNET is 
variable and is predictive of behavior. Eighty per-
cent are synaptophysin positive and one third is 
positive for chromogranin. They are also positive 
for CD99, demonstrating the MIC-2 protein char-
acteristic of Ewing’s sarcoma and PNET. When 
primary transformation is seen in the testis, the 
outcome is generally favorable, but when seen 
in metastases, surgical resection is the mainstay 
of therapy and outcome is generally poor, though 
long-term survival is reported [14].

Adenocarcinomatous Transformation

This is an exceptionally rare phenomenon but 
has been well reported, and has a poor outcome 

(Fig. 36.11). It should be differentiated from in-
testinal type recurrent yolk sac tumor, and thus the 
serum AFP should be within normal limits [10, 
15]. Fluorescence in situ hybridization (FISH) for 
chromosome 12p (Fig. 36.12) can prove multiple 
copies of 12p and thus help facilitate the diagno-
sis of a transformed germ cell tumor.

Nephroblastomatous Transformation

This is, once again, a rare transformation. 
Nephroblastomas arise often within a mature 
teratoma, usually at metastatic sites. The dif-

Fig. 36.10  Pure neuroectodermal tissue, representing 
transformation of a germ cell tumor to a primitive neuro-
ectodermal tumor

 

Fig. 36.11  Somatic transformation of a germ cell tumor 
to adenocarcinoma

 

Fig. 36.12  In difficult cases, proof of isochromosome 
12p can help to establish a germ cell origin of a somatic 
transformation. This was an adenocarcinoma arising in 
the testis which showed multiple copies of i12p
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ferentiation from other forms of transformation, 
especially PNET, is important, as they have a 
better prognosis and long-term cure is usual 
(Fig. 36.13). Morphologically, they show a typi-
cal triphasic pattern of epithelium, blastema, and 
stroma. Immunohistochemically, they do not 
stain with neuroendocrine markers and are nega-
tive for CD99 [12, 16].
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Introduction

The range of morphology in testicular tumors 
is unparalleled in any other male genitourinary 
organ. Germ cell tumors are the most protean of 
any of the neoplastic lesions, and there are also 
many other tumors primary to the testis that may 
mimic them. This unique diversity, coupled with 
the relative uncommonness of most testicular 
neoplasms, means that they remain unfamiliar 
to many general pathologists, and consequent 
diagnostic errors are relatively frequent [1]. 
Spermatocytic seminoma may be encountered 
only a few times in a working life, so that dif-
ferentiating it from other testicular neoplasms 
remains an extra challenge. We present some 
unusual variants of testicular tumors, and dis-
cuss the pitfalls leading to diagnostic misinter-
pretation.

Seminoma Variants

Seminoma may be both the easiest and most dif-
ficult of diagnoses. It is the most common tumor 
of the testis, and, therefore, might be thought to 
be the most familiar. The classic appearances of 
seminoma are well known. Broad fibrous bands 
and an associated lymphoplasmacytic infiltrate 
are readily identified at low power. At higher 
power, the cytology is characteristic with po-
lygonal cells possessing clear cytoplasm, well 
defined cellular borders, and very characteristic 
nuclei with a frequent box-like contour. The large 
nucleoli are frequently rather ill defined. Outside 
this classic appearance there are many variants, 
however, which may be misdiagnosed as non-
seminoma or even nonneoplastic conditions:

1. The inflammatory infiltrate is variable:
The extreme variation that may be seen in 
seminoma is a cause for diagnostic misinter-
pretation. Although rare, occasional semino-
mas may lack a lymphoplasmacytic infiltrate, 
leading to diagnostic confusion. This seems to 
be more commonly the case when the tumor 
has an unusual architecture including micro-
cystic and tubular patterns [2], further com-
plicating the interpretation. However, a more 
common problem is when the inflammatory 
infiltrate overwhelms the tumor cells, so that 
rare seminoma cells are studded in a dense 
inflammatory infiltrate (Fig. 37.1). The pale 
cytoplasm of the seminoma cells may make 
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the neoplastic cells stand out like stars on a 
winter’s night, in a similar way that macro-
phages stand out in a Burkitt lymphoma. As a 
consequence, any testicular lesion that at first 
glance appears inflammatory must be exam-
ined with care to discern scattered seminoma 
cells. Granulomatous inflammation may also 
be present and may overwhelm the tumor. 
These cases should be treated with caution 
and a careful hunt made for typical seminoma 
cells. If there is any reason for suspicion, a 
sensitive immunostain, such as OCT4, may 
be employed to identify underlying neoplas-
tic cells. Tuberculosis, sarcoidosis, leprosy, 
and other even rarer granulomatous infections 
may affect the testis, but ruling out seminoma 

is vital. Therefore, in all inflammatory rich 
processes involving the testis the question 
should be asked, “Am I missing a seminoma?”

2. Intertubular seminoma:
Seminoma cells usually form a solid sheet 
and displace the seminiferous tubules. How-
ever, the cells may also show an “intertubu-
lar” pattern of spread [3] where single cells 
infiltrate in an insidious pattern between the 
seminiferous tubules (Fig. 37.2a). Thus, the 
overall architecture of the testis is preserved 
and, at low power, no neoplasm may be 
apparent. This pattern is usually mixed with 
more solid appearing seminoma, but rarely 
in early stage disease; where there is plenti-
ful intratubular germ cell neoplasia, unclassi-
fied type (IGCNU), intertubular foci may be 
missed. Clues to the presence of intertubular 
seminoma include an association with inflam-
mation in the stroma and a rather more plen-
tiful parenchyma between the seminiferous 
tubules. Immunostains for OCT4 may be help-
ful in identifying neoplastic cells (Fig. 37.2b).

3. Tubular and signet ring seminoma:
Morphological variants of seminoma cells 
themselves have been described relatively 
recently [2]. Occasionally a seminoma may 
mimic a nonseminoma, especially a glandular 
pattern yolk sac tumor (Fig. 37.3) or embry-
onal carcinoma, because of a tubular mor-
phology. Cytology will usually differentiate 
between the two as the cells retain the classic 

Fig. 37.2  Intertubular seminoma with single cells infiltrating between seminiferous tubules (a). OCT4 stains the neo-
plastic cells within the marked inflammatory infiltrate (b) and also intratubular germ cell neoplasia (IGCNU)

 

Fig. 37.1  Seminoma with marked lymphoplasmacytic in-
filtrate overwhelming the tumor cells
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cytomorphology of seminoma rather than the 
more variable nuclear morphology of yolk sac 
tumor or showing the more extreme nuclear 
overlapping, irregular contours and larger size 
of embryonal carcinoma. In ambiguous cases, 
immunochemistry for OCT4 (positive in 
seminoma, negative in yolk sac tumor), CD30 
(negative in seminoma, positive in embryonal 
carcinoma) and CD117 or podoplanin (posi-
tive in seminoma, negative in embryonal car-
cinoma) is helpful. Signet ring morphology in 
seminoma has also been described. This may 
mimic a metastasis, but the foci of signet ring 
morphology have always been mixed with 
more typical areas, making this a less chal-
lenging diagnosis.

4. Anaplastic seminoma:
Anaplastic seminoma is a term we do not 
recommend. Occasional seminomas have 
unusual features in terms of nuclear morphol-
ogy, mitotic rate, or inflammatory infiltrate. 
The excellent prognosis of seminoma, how-
ever, means that a study involving many thou-
sands of patients and standardized care would 
be necessary to identify, with certainty, such 
an entity and to prove its legitimacy by vir-
tue of a more aggressive behavior than typical 
seminomas. Furthermore, it would be nec-
essary to show that it could be reproducibly 
diagnosed, and neither of these requirements 
has been accomplished.

Spermatocytic Seminoma

Spermatocytic seminoma, as its pathogenesis and 
etiology are entirely separate from other germ 
cell tumors, should really be regarded as quite 
different from usual seminoma and needs to be 
considered apart. Unfortunately, it may be misdi-
agnosed as seminoma, and therefore inappropri-
ate treatment could be instituted [4].

Patients with spermatocytic seminoma are 
older than most patients with testicular germ cell 
tumors, averaging 50–60 years of age. It is also 
more frequently bilateral than other germ cell tu-
mors. Spermatocytic seminoma has never been 
described as originating in any site other than 
the testis and shows no special association with 
cryptorchidism; the presence of spermatogenesis 
is apparently necessary for its development, dif-
ferentiating it from other germ cell tumors that 
may occur in extragonadal sites, particular those 
along the midline [5]. These features suggest that 
while other germ cell tumors arise from primor-
dial germ cells (which may be misplaced), mei-
otic activity is necessary for the pathogenesis of 
spermatocytic seminomas. Molecular data also 
support the separate pathogenesis of these tumors 
[6] and implicate the primary spermatocyte as the 
cell of origin.

Spermatocytic seminomas typically show 
enormous cellular polymorphism. Three cel-
lular populations occur: small lymphocyte-like 
degenerate cells, intermediate cells which have 
round nuclei with granular chromatin and vari-
ably prominent nucleoli, and giant cells which 
may be mononucleated or multinucleated, also 
with prominent nucleoli (Fig. 37.4). Some may 
also have a “spireme” chromatin pattern similar 
to that of meiotic phase spermatocytes. Mitoses, 
including atypical forms, and apoptosis are 
prominent. Intratubular growth of spermatocytic 
seminoma is common but there is no IGCNU.

An “anaplastic” variant of spermatocytic sem-
inoma has been described which consists mostly 
of intermediate cells [7]. However, this terminol-
ogy appears inappropriate to us and, as the be-
havior of this variant is identical to the usual type 
of spermatocytic seminoma, we believe that there 
merely needs to be an awareness of the variabil-

Fig. 37.3  A tubular seminoma showing classic seminoma 
nuclear morphology in spite of a pattern reminiscent of 
nonseminomatous germ cell tumor types
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ity of the morphologic picture. Immunostains are 
negative for OCT4 but CD117 positivity is rather 
common. More recently, spermatocytic semi-
nomas have been found to stain for the general 
germ cell tumor marker, SALL4 [8].

Despite its “malignant” appearance, sper-
matocytic seminoma metastasizes only exceed-
ingly rarely. There are only two well-documented 
cases of metastasis. In the personal experience 
of one of the authors, who has also seen a case 
of spermatocytic seminoma metastasizing as a 
single lung nodule, this may be an “embolic” 
process. Adequate treatment, therefore, consists 
of orchiectomy alone without adjuvant treatment, 
since the potential mortality of further therapy 
exceeds the risk of tumor-related death.

Sarcomatous transformation is a rare compli-
cation of spermatocytic seminoma [9]. The sar-
comatous component is often intermingled with 
usual type spermatocytic seminoma and can have 
an undifferentiated, spindle cell appearance or 
exhibit rhabdomyosarcomatous differentiation 
[10]. These tumors behave aggressively with 
about 50 % of the patients developing metastatic 
disease and dying of the tumor. The disseminated 
tumor consists only of the sarcomatous compo-
nent.

Unusual Variants of Nonseminoma-
tous Germ Cell Tumors

Solid Variant Yolk Sac Tumor

The varied patterns of yolk sac tumor can make 
the diagnosis challenging in rare cases. Some 
rare variants are seen mainly after treatment and 
will be discussed elsewhere; however, the solid 
variant of yolk sac tumor is seen in primary le-
sions and may be misdiagnosed.

Solid variant yolk sac tumor is rare in its pure 
form, and is usually intermingled with other 
yolk sac tumor patterns and germ cell tumor ele-
ments such as embryonal carcinoma or teratoma. 
However, when pure, the solid variant shows 
more than a passing resemblance to seminoma 
(Fig. 37.5), thus leading to potential diagnostic 
confusion and the danger of mistreatment [11].

Points of distinction include the lack in solid 
yolk sac tumor of the typical fibrous septa and 
lymphocytic infiltrate of seminoma, and the 
greater variation in nuclear size of most cases, 
with many examples showing cells with small 
nuclei and others with large nuclei, unlike semi-
noma where the nuclei are more uniformly large. 
Schiller–Duval bodies are not seen in the solid 
variant, but hyaline globules and bands of in-
tercellular basement membrane can be very 
helpful as they do not occur in seminoma. The 
importance of knowing the serum markers is also 

Fig. 37.5  Solid variant yolk sac tumor showing a mix-
ture of large and also smaller cells, not seen in seminoma. 
Focal microcysts are also seen

 

Fig. 37.4  High power of a spermatocytic seminoma. One 
larger cell is seen, and there is more cellular size variation 
than usually seen in a classical seminoma
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emphasized: knowledge of a raised alpha-feto-
protein (AFP) should always lead one to suspect 
yolk sac tumor. Immunohistochemistry for AFP 
can be patchy in all yolk sac tumors and is even 
more apt to be negative in the solid pattern. For 
this reason glypican-3 is now a preferable immu-
nochemical marker because of its greater sensi-
tivity and consistent negativity in seminoma [12]. 
Another very helpful feature is negative reactiv-
ity for OCT4, contrasting with the seminoma. It 
is important to be aware that CD117 is frequently 
positive, potentially reinforcing confusion with 
the seminoma.

Teratoma

In the vast majority of postpubertal cases, tera-
toma is mixed with other elements, including em-
bryonal carcinoma, trophoblast, seminoma, and 
yolk sac tumor. However, some cases of teratoma 
may cause diagnostic problems that may be dif-
ficult to resolve. Recent advances have also sug-
gested some novel variants, which appear to have 
a separate pathogenesis and natural history.

Teratomas in postpubertal males, despite the 
lack of apparent malignant appearance in many 
cases, are capable of metastasis. In this they con-
trast significantly with the great majority of ovar-
ian teratomas [13]. They may show immature 
elements, which are discussed below. They are 
almost inevitably associated with scarring of the 
surrounding testicular parenchyma with loss of 
normal spermatogenesis. Such scarring may be 
due to regression of other germ cell tumor com-
ponents, thus explaining how, in spite of their 
indolent appearance, they are frequently accom-
panied by metastasis. The usual occurrence of 
IGCNU in the surrounding seminiferous tubules 
reinforces the close relationship of most postpu-
bertal teratomas with the nonteratomatous germ 
cell tumors.

Immaturity in Teratomas
Immaturity is often seen in testicular germ cell 
tumors with a substantiatial amount of teratoma. 
Such foci typically form embryonic-type neuro-
ectodermal elements, but other embryonic-type 

tissues (rhabdomyoblasts, nephrogenic blastema, 
and tubules) also qualify. As expected, such foci 
have a primitive appearance with active prolif-
eration and apoptotic cells. It is also common 
for mature teratomatous elements to show atypi-
cal features, but these are not truly of embryonic 
type and therefore not considered “immature.” 
For instance, glandular-lined cysts may show 
stratification, atypical nuclei and mitoses; squa-
mous epithelium may show dysplasia, and the 
stromal elements may show changes that in an-
other situation would lead to a diagnosis of sar-
coma [4]. Cartilage may show atypia, which in 
different contexts would lead to a presumption of 
chondrosarcoma. These atypical features reflect 
the derivation of postpubertal teratomas from 
other forms of germ cell tumors. Despite these 
changes, they do not affect the overall prognosis 
of the patient, and high threshold should be set 
for transformation to somatic-type malignancies 
in the primary testicular germ cell tumor, typical-
ly requiring overgrowth of a pure population of 
malignant-appearing mesenchymal or embryonic 
tissues to the exclusion of other elements and 
occupying at least a 4× low power microscopic 
field. For carcinomatous transformation an overt-
ly invasive growth pattern is required. Because 
scattered embryonic-type elements do not confer 
a worse outcome, and given that pure “mature” 
postpubertal teratomas may be associated with 
metastases of either teratoma or nonteratomatous 
forms of germ cell tumor, the most recent WHO 
classification excluded immature teratoma as a 
diagnostic entity.

Primitive Neuroectodermal Tumor
Some teratomas contain substantial overgrowth 
of primitive neuroectodermal tissue, and this 
should be separately recognized as primitive 
neuroectodermal tumor (PNET). Most typically, 
PNET has morphology akin to PNETs of the 
central nervous system as most commonly seen 
in children. Many form primitive tubules re-
sembling medulloepithelioma. In rare tumors, 
it eclipses all other elements, resulting in a pure 
PNET.

The prognostic implications of PNET lim-
ited to the testis are less worrisome than might 
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be imagined. The small published series suggest 
that even in its pure form, most men are cured of 
their disease. However, they behave in a worse 
manner than teratomas without PNET [14]. This 
situation contrasts with finding PNET in metasta-
ses, which will be discussed separately.

When confronted with one of these cases, we 
suggest that the amount of PNET be accounted 
for in percentage form and mentioned specifical-
ly. Although, at present, standard germ cell tumor 
protocols generally apply, many oncologists rec-
ommend staging retroperitoneal lymphadenec-
tomy for clinical stage I patients with a PNET 
component in their tumor rather than followup on 
a surveillance protocol.

Epidermoid Cyst

So called epidermoid cysts of the testis are com-
posed of laminated keratin, usually in a well cir-
cumscribed nodule, most often 1–3 cm in diam-
eter. Occasionally, the cyst may rupture leading 
to a less well circumscribed appearance.

Microscopically they have a typical appear-
ance of concentric laminated keratin surrounded 
by a simple keratinizing squamous epithelium, 
although giant cell reactions may be seen if the 
cyst has ruptured. They have a different patho-
genesis from most testicular teratomas [15] and 
lack the key cytogenetic abnormality that charac-
terizes the usual forms of postpubertal testicular 
germ cell tumors, including teratomas: the pres-
ence of amplification of a portion of the short 
arm of chromosome 12, most commonly in the 
form of an isochromosome (i[12p]) [16].

Systematic blocking is necessary to exclude 
other germ cell elements. The background tes-
tis typically shows normal spermatogenesis and 
uniformly lacks IGCNU. They may be treated 
conservatively with preservation of the testis, but 
it is important that the surrounding parenchyma 
is sampled adequately to ensure the absence of 
IGCNU.

Dermoid Cysts and Nondermoid 
Benign Teratomas

Similar to epidermoid cysts, dermoid cysts within 
the testis are rare but benign entities of unknown 
pathogenesis where there are skin appendigeal 
elements present as well as the squamous epi-
thelial component that characterizes epidermoid 
cyst. These are arranged in an organoid, skin-like 
fashion [17]. Importantly and more diagnosti-
cally challenging is a small subset of teratomas 
that, like dermoid cysts, also appear to have a 
benign clinical course but that lack the skin-like 
morphology, instead consisting of various ma-
ture elements, including bone, cartilage, smooth 
muscle, respiratory-type mucosa and others. It 
is vital to distinguish these apparently benign 
neoplasms from the usual postpubertal teratoma, 
which is capable of metastasis. Unlike its malig-
nant relative, dermoid cysts/benign teratomas are 
not associated with surrounding IGCNU, which 
is almost inevitably present around teratomas 
capable of malignant spread. Other features sup-
portive of a benign lesion include lack of the tu-
bular atrophy, sclerosis, impaired spermatogene-
sis, microlithiasis and interstitial fibrosis that are 
commonly found with most postpubertal germ 
cell tumors, including the usual teratomas [4]. 
Instead there are unremarkable seminiferous tu-
bules with intact spermatogenesis. Additionally, 
these lesions lack the common cytologic atypia 
seen in usual testicular teratoma. Further evi-
dence to differentiate these entities comes from 
recent i(12p) data, showing that both dermoid 
cysts and benign teratomas lack the typical i(12p) 
chromosomal abnormalities seen in teratomas ca-
pable of metastasis [18]. They also tend to occur 
in a younger age group than other nonseminoma-
tous germ cell tumors, and it has been suggested 
that at least some are in fact prepubertal terato-
mas that have persisted into the postpubertal age. 
This supposition does correlate with the known 
indolent clinical behavior of prepubertal terato-
mas of the testis [19].

Practically, it is difficult to know whether 
these patients can be spared the repeated imaging 
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studies required of patients with usual testicu-
lar teratomas, but certainly followup can be  
conservative and reassurance of the patient seems 
reasonable from the available data.

Regression in Germ Cell Tumors

Spontaneous regression is relatively frequent in 
testicular germ cell tumors compared to most 
other malignant neoplasms. The most common 
scenario is a patient who presents with a germ 
cell tumor in a typical metastatic distribution 
for a testicular primary, most commonly the ret-
roperitoneal lymph nodes, but who lacks clini-
cal evidence of a testicular tumor. Sometimes, 
but not always, meticulous clinical palpation or 
skilful testicular ultrasound will disclose subtle 
testicular abnormalities. Absence of testicular 
anomalies may lead to a presumption of an ex-
tratesticular primary lesion. If orchiectomy is 
performed, it typically shows distinct areas of 
scarring in association with widespread tubular 
atrophy and sclerosis and frequent microlithiasis 
(Fig. 37.6). A lymphoplasmacytic infiltrate and 
“ghost” tubules in the scarred area are also com-
mon, as are prominent numbers of small blood 
vessels. Less common are large, coarse calcifi-
cations within expanded tubular profiles within 
the scarred foci. The surrounding testis shows 

IGCNU in about one-half of the cases [20]. We 
consider IGCNU and large, coarse intratubular 
calcifications in a scarred testis as diagnostic of a 
regressed (burnt-out) germ cell tumor. The latter 
feature corresponds to residual dystrophic cal-
cification that developed in completely necrotic 
intratubular embryonal carcinoma, a lesion that 
commonly undergoes comedo-type necrosis. Un-
fortunately both of these features are absent in up 
to half of the cases, so pathologists must be aware 
of the constellation of findings that accompany 
germ cell tumor regression

Sex Cord–Stromal Tumors

The sex cord–stromal tumors form almost as 
heterogenous a group of tumors as the germ cell 
tumors. They are usually benign and therefore 
of less clinical significance than the germ cell 
tumors. However, there are some tumors that 
are associated with specific clinical conditions. 
Additionally, there are some tumors that mimic 
germ cell or other malignancies and may be mis-
diagnosed. Lastly, some tumors have features 
that may indicate malignancy and should prompt 
further clinical action apart from orchiectomy.

Syndrome Associated Sex  
Cord–Stromal Tumors

Intratubular Large Cell Hyalinizing  
Sertoli Cell Neoplasia
This distinctive lesion is characteristic of patients 
with the Peutz-Jeghers syndrome [21]. Gyneco-
mastia is a frequent presenting feature, and there 
is typically bilateral testicular involvement by 
ultrasonographically detected, small, multifocal 
nodules. Microscopic examination shows ex-
panded seminiferous tubules with large Sertoli 
cells with vacuolated to eosinophilic cytoplasm 
admixed with globular deposits of basement 
membrane and sometimes occasional flecks 
of calcification (Fig. 37.7). These testicular le-
sions in Peutz-Jeghers patients show a low fre-
quency of invasive tumors and no reported case 
with metastasis. They therefore appear to show 

Fig. 37.6  Regressed germ cell tumor. Testicular paren-
chyma with distinct areas of scarring in association with 
tubular atrophy, sclerosis, and microlithiasis ( right); the 
seminiferous tubules on the left show intratubular germ 
cell neoplasia (IGCNU)
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distinct features compared with sporadic large 
cell calcifying Sertoli cell tumor (see below). 
Orchiectomy is necessary only when there is evi-
dence of invasion or to control hormonal mani-
festations.

Large Cell Calcifying Sertoli Cell Tumor
A substantial proportion of patients with this 
neoplasm have the Carney complex, although 
sporadic cases are likely more common based on 
our experience. The clinical profiles of these two 
groups tend to be different. Those with the Car-
ney complex, an autosomal dominant disorder 
with a risk for cardiac, endocrine, cutaneous, and 
neural tumors, as well as a variety of pigmented 
lesions of the skin and mucosae, develop multifo-
cal and bilateral testicular tumors, with many ex-
amples likely undetected because of their small 
size and indolent growth. Fortunately, in the 
Carney complex associated tumors malignant be-
havior is rare, although it has been reported [22]. 
This contrasts with the nonsyndrome-associated 

large cell calcifying Sertoli cell tumors, which 
are more frequently clinically malignant and 
further contrast with the other group by being 
larger, unilateral, and single.

As its name implies, a characteristic feature 
of these tumors is calcification that may vary 
from minor to massive and may take the form 
of psammoma bodies, mulberry-like shapes, ir-
regular, coarse aggregates, or trabecular bone. 
The tumor cells are characteristically arranged 
in solid nests, tubules, and cords and typically 
have abundant eosinophilic cytoplasm and round 
nuclei with fine chromatin and a distinct nucleo-
lus. A common and helpful clue to the diagnosis 
is a neutrophilic stromal infiltrate, but it is not 
always seen.

Juvenile Granulosa Cell Tumors
Juvenile granulosa cell tumors are neonatal tes-
ticular tumors and usually present as cystic, pain-
less, testicular masses. They are diagnosed most-
ly in the first 6 months [23]. They may occur in 
undescended testes of infants with intersex con-
ditions and can be associated with chromosomal 
abnormalities, especially of the Y chromosome, 
and mosaicism.

Macroscopically, there is usually an admix-
ture of solid and cystic areas filled with viscid 
fluid. On microscopy, there are round, follicle-
like structures lined by cells with pale eosino-
philic cytoplasm and hyperchromatic, round 
nuclei with nucleoli (Fig. 37.8). Grooves are 
not conspicuous and mitoses may be abundant. 
These are frequently arranged in lobular group-
ings in a fibromatous stroma.

Easily Misdiagnosed Tumors

Malignant Sertoli Cell Tumors Which 
Resemble Seminoma
Sertoli cells tumors are responsible for about 1 % 
of testicular tumors and have an extremely varied 
morphology. As a result, their relative rarity may 
present diagnostic difficulty. A recent series de-
scribed a number of Sertoli cell tumors that mim-
icked seminoma [24], and personal experience, 

Fig. 37.7  Intratubular large cell hyalinizing Sertoli cell 
neoplasia shows proliferation of large Sertoli cells with 
abundant eosinophilic cytoplasm in expanded seminifer-
ous tubules with prominent peritubular and intratubular 
basement membrane deposits
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again, suggests that this tumor is more common 
than initially realized.

In the series of Henley et al., there were clear 
cells in sheets associated with inflammatory cells 
that caused a low power appearance very simi-
lar to seminoma. In some cases, the nature of the 
tumor was uncovered after an initial misdiag-
nosis of seminoma when it was reviewed after 
failure of adjuvant radiotherapy and the patient 
subsequently developed metastatic disease in the 
radiated field, a very rare event in cases of true 
seminoma.

Differentiation of the two entities relies on 
a constellation of factors. Microscopic features 

more in favor of Sertoli cell tumor include any 
tubular or spindle cell areas and, at higher power, 
a much blander cytology than seminomas, with 
less frequent mitotic figures and a more mixed 
acute and chronic inflammatory cell infiltrate 
(Fig. 37.9a, b). Immunohistochemistry may 
be extremely helpful in these cases, especially 
OCT4, which is positive in seminoma and nega-
tive in sex cord–stromal tumors. Markers of sex 
cord–stromal differentiation may be variable.

Testicular Tumors of the Adrenogenital 
Syndrome (Testicular Adrenal Rest 
Tumors)
The presence of a craggy testicular mass with 
highly suspicious imaging appearances is often 
the cue for an orchidectomy. The presence of 
bilateral masses might be thought even more 
alarming. However, this admittedly rare entity 
can result in the unnecessary castration of the pa-
tient for a hyperplastic lesion that can be treated 
medically in the vast majority of cases.

Congenital adrenal hyperplasia includes sev-
eral autosomal recessive diseases resulting from 
mutations of genes for enzymes mediating the 
biochemical steps of production of cortisol from 
cholesterol by the adrenal glands. Most cases 
are secondary to 21-hydroxylase deficiency [25]. 
The exact nature of the hyperplastic cells is un-
known. To the endocrinologist, they are highly 
sensitive to ACTH and behave like adrenocortical 

Fig. 37.8  Juvenile granulosa cell tumor characterized 
by follicle-like structures lined by cells with pale eosino-
philic cytoplasm

 

Fig. 37.9  Low (a) and high (b) power of a malignant Ser-
toli cell tumor. At low power fibrous bands and an inflam-
matory infiltrate are seen. At higher power the cells are 

regular with punched out nucleoli, eosinophils and a lack 
of mitotic activity
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cells. To the pathologist their appearance is very 
analogous to Leydig cells, as they possess highly 
eosinophilic cytoplasm rather than the foamy 
cytoplasm of cells from the zona fasciculata of 
the adrenal gland. It has been noted that the cy-
toplasm appears more voluminous than in typical 
Leydig cells and they are associated with charac-
teristic prominent fibrous bands (Fig. 37.10). Re-
inke crystals are not seen and cytoplasmic lipo-
fuscin tends to be more prominent that in Leydig 
cell tumors. In early cases the nodules are close 
to the rete, but gradually the hyperplastic cells 
expand into the testicular parenchyma and may 
replace the seminiferous tubules. Immunhisto-
chemical staining for synaptophysin, CD56 and 
androgen receptor (AR) may assist in the distinc-
tion from Leydig cell tumor, as the “tumors” of 
the adrenogenital syndrome are frequently posi-
tive for the first two markers and negative for 
AR, whereas, Leydig cell tumors tend to have the 
opposite pattern of reactivity [26, 27].
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Introduction

As discussed in previous chapters, there are nu-
merous histological subtypes of testis cancer. The 
vast majority of testis cancers are germ cell tu-
mors, which are divided clinically into pure sem-
inomas and germ cell tumors with nonseminoma 
elements (nonseminomatous germ cell tumors). 
The other four germ cell tumor histologies are 
embryonal carcinoma, teratoma, choriocarcino-
ma, and yolk sac tumors. In women and children, 
teratomas are divided into mature and imma-
ture categories, and this distinction has not been 
shown to have prognostic significance in adoles-
cent and adult males, and therefore, teratomatous 
elements in testis cancers and in extragonadal 
germ cell tumors in this population are generally 
reported simply as teratomas with the exception 
of pure mature teratomas of the mediastinum, 
which are managed differently from other pri-
mary mediastinal nonseminomatous germ cell 
tumors. Spermatocytic seminomas are rare and 
are thought to be benign tumors with minimal 
if any metastatic potential. Sex-cord stromal tu-
mors comprise less than 5 % of testis tumors and 
include Leydig cell tumors, Sertoli cell tumors, 
and granulosa cell tumors. Gonadoblastomas 
consist of a mixture of seminoma-like germ cell 
tumors and sex-cord tumors with Sertoli differ-

entiation [1]. Adenocarcinoma of the rete testis 
is a rare, aggressive malignant neoplasm of the 
collecting system of the testis. In this chapter, the 
prognostic and management implications of the 
different histologic types of testicular germ cell 
tumors will be discussed.

Germ Cell Tumors

Seminomas

Seminomas are generally less aggressive than 
nonseminomatous germ cell tumors. Among men 
with clinical stage I testicular germ cell tumors 
that are managed with surveillance following 
inguinal orchiectomy, the relapse rate is about 
17 % for pure seminomas compared to 25–30 % 
for nonseminomatous tumors [2]. This difference 
has also been reported in the setting of metastatic 
disease. In the outcomes analysis performed by 
the International Germ Cell Cancer Consensus 
Group in 1997, men with germ cell tumors with 
metastases to the liver, bone, or other nonpulmo-
nary organs had a 5-year survival of 72 % if the 
tumor was pure seminomas compared to 48 % if 
the cancer was a nonseminomatous tumor [3]. 
Among seminomas, spermatocytic seminomas 
are a very rare subtype with a distinct histo-
pathological, genetic, and clinical profile as dis-
cussed in previous chapters [4]. Spermatocytic 
seminomas are generally seen in older men and 
do not have metastatic potential unless sarcoma-
tous transformation is seen. Orchiectomy alone 
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without chemotherapy, radiation therapy, or ad-
ditional surgery is thus appropriate treatment for 
men with these tumors.

Pure seminomas do have metastatic potential 
and management paradigms reflect this. Among 
men with stage I disease, risk stratification can 
be performed based on the size of the tumor and 
the presence or absence of invasion of the rete 
testis. An international pooled analysis of 638 
men reported that the risk of relapse was 32 % 
for men with tumors larger than 4 cm and rete 
testis invasion, 16 % for men with one of these 
risk factors, and 12 % for those with neither [5]. 
The low risk of relapse has been prospectively 
confirmed in studies by the Spanish Germ Cell 
Cancer Cooperative Group. For instance, among 
153 low-risk and intermediate-risk clinical stage 
I patients managed with surveillance following 
orchiectomy, the 3-year disease-free survival rate 
was 93.5 % among patients with no risk factors, 
83.7 % among men with tumors larger than 4 cm, 
and 78.3 % for those with rete testis invasion; 
in this study, high-risk men whose tumors were 
bigger than 4 cm and also invaded the rete testis 
were treated with carboplatin chemotherapy [6]. 
The presence or absence of lymphovascular in-
vasion is also associated with risk of relapse in 
univariable analysis, but not when controlling for 
tumor size and rete testis invasion. Because the 
risk of relapse is only about 30 % even for high-
risk patients and the risk of dying of the cancer 
is less than one percent, many experts prefer 
surveillance for all clinical stage I seminoma pa-
tients, while others favor a risk-adapted approach 
so that only high-risk patients are treated either 
with carboplatin chemotherapy or with radiation 
therapy.

Embryonal Carcinoma

Embryonal carcinoma (EC) has long been recog-
nized as a more aggressive cancer with a higher 
rate of relapse for stage I and stage II disease. 
Many studies over the past 25 years have report-
ed that among men with stage I testis cancer, EC 
is associated with a higher risk of relapse if the 
patient is managed either with postorchiectomy 

surveillance or with retroperitoneal lymph node 
dissection (RPLND). Although the first major 
studies to relate this reported that the presence of 
EC was associated with a higher risk of relapse 
in stage I patients, subsequent analyses reported 
an association between the risk of relapse and the 
proportion or volume of the tumor that consisted 
of EC. Men who have both lymphovascular inva-
sion (LVI) and preponderance of EC have been 
reported to be at particularly high risk of having 
occult metastatic disease.

One challenge in interpreting these findings 
is the fact that different studies have used dif-
ferent endpoints. Surveillance studies that have 
used relapse as an endpoint have reported only 
a modest association between EC and that end-
point. In contrast, much stronger associations 
have been reported between tumors consisting 
predominantly of EC, on the one hand, and a 
finding of lymph node involvement by the tumor 
in patients undergoing an RPLND. For instance, 
a study of 223 men undergoing postorchiectomy 
surveillance for clinical stage I nonseminoma-
tous testicular germ cell tumors reported that the 
risk of relapse at 3-year follow-up was only 33 % 
among men with a predominance of EC, but this 
group could be divided into high- and low-risk 
subgroups: 55 % risk of relapse if there was both 
LVI and a predominance of EC and only a 16 % 
risk of relapse if there was a predominance of EC 
but no LVI [7]. In contrast, surgical series have 
reported much higher rates of retroperitoneal 
lymph node positivity in patients with a predomi-
nance of EC, although with varying definitions 
of predominance. In these series, the association 
of EC and LVI limited the contribution of EC 
as an independent variable. In one series of 149 
men with clinical stage I nonseminomatous tu-
mors undergoing RPLND, of 48 men with more 
than 80 % EC, 42 also had LVI, and among 77 
with less than 45 % EC, 71 did not have LVI. Of 
the six who were LVI positive but had less than 
45 % EC, 3 (50 %) had pathological stage II dis-
ease, so the absence of EC predominance only 
predicted a low risk of relapse if LVI was absent. 
Of those with 46–79 % EC, seven of nine with-
out LVI were pathological stage I, while 15 of 15 
with LVI were pathological stage II. It was only 
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when more than 80 % of the tumor was EC that it 
became predictive of a majority of men without 
LVI (four out of six) having pathological stage II 
disease [8].

Indiana University reported that a predomi-
nance of EC (defined as the presence of more 
EC than any other histology) was more clini-
cally relevant. Among 226 patients undergoing 
RPLND with pathological stage I disease, the 
subsequent relapse rate was about 20 % if either 
LVI or EC predominance was present and 29 % 
if both were present compared to a relapse risk 
of less than 7 % if neither risk factor was pres-
ent. Similarly, among 292 patients with clinical 
stage I disease undergoing RPLND, the risk of 
pathological stage II disease was 39 % if LVI was 
present, 32 % if EC was predominant, and 47 % 
if both risk factors were present. However, the 
difference in risk for one versus two risk factors 
was not statistically significant in either of these 
two analyses [9]. Memorial Sloan Kettering Can-
cer Center reported their findings in patients with 
clinical stage I pure EC, which showed that 19 of 
26 men (73 %) had retroperitoneal nodal metasta-
ses, including 13 of 18 (72 %) with LVI and six of 
eight (75 %) without LVI [10].

The significance of these findings remains 
unclear. Relevant clinical questions are whether 
a predominance of EC should be used to de-
cide how to manage patients with clinical stage 
I or pathological stage II patients. Because the 
rates of nodal metastases and relapse following 
RPLND are both higher in patients with EC pre-
dominance, should these patients be managed 
instead with primary chemotherapy rather than 
nodal dissection or surveillance? For instance, 
if half or more of patients with pure EC or both 
LVI and EC predominance will have lymph node 
metastases discovered at RPLND and most such 
patients will elect to undergo two cycles of ad-
juvant chemotherapy, would it be preferable to 
simply give them one or two cycles of primary 
chemotherapy in lieu of RPLND? And if such 
patients have a 50 % or higher risk of relapse if 
placed on surveillance, might such men prefer 
to be treated now with a relatively brief course 
of chemotherapy and minimize the likelihood of 
needing additional treatment in the future rather 

than live with a high likelihood of having to put 
their lives on hold at some unpredictable point in 
the subsequent few years in order to undergo a 
longer course of chemotherapy in the event of a 
relapse? In current practice, most recent studies 
have based such risk stratification on the pres-
ence or absence of LVI and have not included 
EC. So at this time, EC is not generally taken 
into account when making treatment decisions 
for patients with testicular cancer but does have 
some prognostic implications with regard to risk 
of relapse and nodal metastases among men with 
clinical stage I disease.

Teratoma

Men with pure teratomas of the testis have a 
lower risk of metastatic disease and relapse com-
pared to other germ cell tumors, but such tumors 
are rare. Investigators in southwestern France 
reported that among 1000 cases of testis cancer, 
only 17 were pure teratoma, eight of whom had 
clinical stage I disease, while nine had metastatic 
disease present at diagnosis. All patients were 
alive and without evidence of the cancer at a 
mean follow-up of 10 years [11].

Indiana University identified 41 patients with 
pure teratoma of the testis, including 18 with 
clinical stage I disease, four patients with border-
line evidence of early stage II disease, three with 
stage IIA disease, and 16 with disseminate dis-
ease (stages IIC-III) [12]. Among patients with 
clinical stage I disease, 16 % had pathological 
stage II disease discovered at RPLND. Among 
the ten clinical stage I–II patients found to have 
pathological stage II disease at RPLND, four had 
only teratoma in retroperitoneal nodes, four had 
both teratoma and other germ cell tumor ele-
ments, and two had nonteratomatous germ cell 
tumors. Most patients with pathological stage II 
disease thus had elements of nonteratomatous 
germ cell tumors in their retroperitoneal nodes. 
Of the 25 patients with clinical stage I–IIA dis-
ease, relapse-free survival was 84 % and all 25 
were alive and without evidence of disease at the 
time of the analysis. Relapse-free survival was 
100 % among patients with pathological stage I 
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disease, but only 60 % in patients with pathologi-
cal stage II disease. Among the 16 patients with 
advanced stage disease, there were two relapses 
(12.5 %) after treatment with chemotherapy fol-
lowed by resection of residual masses. One of 
these was successfully salvaged with chemother-
apy and resection, but the other refused addition-
al treatment. One of the 16 died of angiosarcoma, 
but there were no deaths from germ cell tumors, 
and 14 of the 16 were alive and without evidence 
of cancer at the time of the analysis.

Memorial Sloan-Kettering reported their ex-
perience with 29 men who underwent primary 
( n = 11) or postchemotherapy ( n = 18) RPLND 
[13]. Lymphovascular invasion was identified in 
none of the 11 primary RPLND patients and in 3 
(17 %) of the patients undergoing postchemother-
apy RPLND. Seven of the 11 patients undergo-
ing primary RPLND had clinical stage I disease 
and 2 (29 %) were found to have nodal disease, 
one with teratoma and one with seminoma. Of 
four patients with clinical stage IIA disease, three 
had nodal involvement, including two with tera-
toma and one with embryonal carcinoma. There 
were no relapses among the seven patients with 
follow-up data (median of 90.4 months). Among 
the postchemotherapy patients, 9 (50 %) had ter-
atoma, 8 (44 %) had fibrosis, and 1 (5.6 %) had 
yolk sac tumor, essentially the same rate that has 
been reported generally for nonseminomatous 
germ cell tumors. At a median follow-up of 40 
months, there was one relapse among the nine 
patients with teratoma, 22 months after the resec-
tion; patient died of his disease 3 years after the 
relapse. Among the patients with fibrosis, two 
were lost to follow-up, and one of the remain-
ing six relapsed in the retroperitoneum outside 
the RPLND template and he was cured with a 
second RPLND. The patient with yolk sac tumor 
remained relapse free at the time of the report.

These series provide evidence that pure tera-
tomas of the testis have substantial metastatic po-
tential and that the metastatic disease often con-
tains nonteratomatous germ cell tumor elements. 
These data support the practice of treating pure 
teratomas similarly to other nonseminomatous 
germ cell tumors.

Choriocarcinomas

Choriocarcinomas of the testis have several im-
portant distinctive characteristics that are relevant 
to clinical management: poor prognosis, early 
metastasis to organs other than the lungs, metas-
tasis to unusual sites, and a tendency to hemor-
rhage. It is essential to note that choriocarcinoma 
germ cell tumors, regardless of whether they are 
gonadal or extragonadal and whether they occur 
in men or women, are different with regard to 
their molecular biology, prognosis, and treatment 
from gestational trophoblastic choriocarcinomas. 
This section is about germ cell tumors only.

Although the histopathological finding of 
choriocarcinoma does not directly affect risk 
stratification and staging of germ cell tumors, 
choriocarcinomas are associated with highly el-
evated serum beta-hCG (BHCG), the level of 
which is used to risk-stratify and stage dissemi-
nated germ cell tumors. Choriocarcinomas are 
aggressive tumors that tend to metastasize widely 
and qualify as poor-risk cancers on that basis in 
addition to having BHCG levels in the poor risk 
range. Choriocarcinomas metastasize hematog-
enously and metastasize early. Testicular cancers 
that are pure or predominantly choriocarcinoma 
are almost always stage III at the time of diagno-
sis. As noted above, they spread to locations that 
are unusual for other germ cell tumors, such as 
the brain, skin, eye (choroid), and digestive tract. 
Fortunately, they are rare, representing less than 
one percent of germ cell tumors in men.

Choriocarcinomas are highly vascular tumors 
that typically have areas of hemorrhage and ne-
crosis. There are numerous case reports of clini-
cally significant hemorrhage in the gastrointesti-
nal tract, lungs, and brain, many of which have 
been fatal or life threatening. Bleeding events 
typically occur either very shortly after starting 
chemotherapy or in patients with rapidly pro-
gressing metastatic disease. Choriocarcinoma 
has also been associated with case reports of 
tumor lysis syndrome. These risks provide a ra-
tionale for initiating chemotherapy in an inpa-
tient setting, so that complications can be treated 
promptly.
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Choriocarcinomas are also associated with 
hormonal disorders that result from highly el-
evated BHCG levels. HCG, luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), and 
thyroid-stimulating hormone (TSH) are het-
erodimeric glycoproteins that share identical 
alpha subunits, and HCG and LH have very 
similar beta subunits and stimulate the same re-
ceptor. At very high levels, BHCG can stimulate 
the receptors of these other glycoproteins, and 
stimulation of Leydig cells can result in hyper-
thyroidism and increased androgen production. 
The most common manifestation of this is gyne-
comastia due to peripheral conversion of andro-
gens into estrogen [4]. Hyperprolactinemia has 
also been reported.

One single-institution case series from Mexi-
co City reported that among 1010 orchiectomies 
performed between 1999 and 2011, six were 
pure and nine were predominantly choriocarci-
noma. All fifteen had lymphovascular invasion 
in the primary tumor, nine had liver metastases, 
three had brain metastases, and three had GI 
tract involvement, and one each had involve-
ment of the eye and skin. All had poor-risk dis-
seminated disease (stage IIIC) on the basis of 
a serum BHCG greater than 50,000 IU/L, and 
13 of the 15 also had nonpulmonary organ in-
volvement. With regard to outcomes, 11 died, 
one was alive with disease, and one was lost 
to follow-up. Both patients whose disease was 
limited to the lungs and lymph nodes were alive 
in complete remission with at least 60-month 
follow-up [14]. A review of published reports 
described 106 cases of choriocarcinoma in men 
between 1995 and 2006. Primary sites included 
testis ( n = 35), mediastinum, pineal body, gas-
trointestinal tract, lung, and retroperitoneum, 
but burned out primary testis or mediastinal 
germ cell tumors could not be excluded. In this 
series, 81 of 98 (83 %) evaluable patients had 
metastatic disease, 37 % of patients died within 
2 months of diagnosis, only 30 % of patients 
experienced long-term survival, and mean sur-
vival time was 7.7 months [15].

Yolk Sac Tumors

Pure yolk sac tumors represent over 60 % of pre-
pubertal testis tumors, but are rare among postpu-
bertal germ cell tumors in men, representing about 
1 % of cases [4, 16, 17]. Yolk sac tumors are a rel-
atively common component of testicular mixed 
germ cell tumors in adolescent and adult males. 
In primary germ cell tumors of the mediastinum, 
which primarily occur in young adult males, yolk 
sac tumors are more common than embryonal 
carcinomas and choriocarcinomas combined. A 
large case series from the Armed Forces Institute 
of Pathology reported that among 322 cases, 38 
were yolk sac tumors, compared with six em-
bryonal carcinomas and eight choriocarcinomas, 
and most mixed germ cell tumors had yolk sac 
tumor components [18]. The increased frequency 
and proportion of yolk sac tumor elements in me-
diastinal nonseminomatous tumors in relation to 
retroperitoneal and testicular germ cell tumors is 
reflected in an analysis of 635 consecutive ex-
tragonadal germ cell tumor patients that reported 
that serum alpha-fetoprotein (AFP) was elevated 
in 74 % of patients with mediastinal tumors with 
a median elevation of 2548 ng/ml compared to 
51 % of patients with retroperitoneal germ cell 
tumors with a median elevation of 25 ng/ml [19]. 
In contrast, BHCG was elevated in 38 and 74 % 
of patients with mediastinal and retroperitoneal 
germ cell tumors with median values of 5 and 
335 IU/L, respectively.

Although yolk sac tumors are commonly de-
scribed as aggressive tumors, they have not been 
associated with a poor prognosis. The presence 
of yolk sac tumor elements in clinical stage I tes-
tis cancer has prospectively been confirmed to be 
associated with a lower risk of relapse, but this 
finding is most likely an artifact due to the fact 
that yolk sac tumors consistently produce AFP 
and can therefore be staged more accurately: For 
tumors that produce detectable levels of serum 
tumor markers, the presence of micrometastases 
can be detected serologically [20]. A population-
based analysis using data from the U.S. Surveil-
lance, Epidemiology, and End Results Program 
(SEER) between 1973 and 2003 reported that 
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most patients with yolk sac tumors had clinically 
localized disease and 5-year survival for yolk sac 
tumors of the testis was 89 %. In contrast, ex-
tragonadal yolk sac tumors and ovarian yolk sac 
tumors had 5-year survival rate of 67 and 81 %, 
respectively [21].

Conclusion

The clinical management of the different sub-
types of testicular germ cell tumors is differ-
entiated mainly on the basis of the presence or 
absence of nonseminomatous elements and, for 
disseminated disease, the level of serum tumor 
markers, the site of metastatic lesions, and (for 
nonseminomas) the site of the primary tumor 
(mediastinal nonseminomatous tumors other than 
mature teratomas have a poor prognosis). Semi-
nomas are less aggressive tumors with a better 
prognosis. Among nonseminomatous tumors, 
embryonal carcinomas and choriocarcinomas are 
associated with a greater tendency to metastasize, 
but the main prognostic feature for early stage 
disease remains lymphovascular invasion.
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Introduction

Testicular cancer is most common in white men 
with a 75 % lower incidence reported in African-
American men [1]. Extensive analysis, in which 
family history was assessed, has shown that fa-
milial risk for testicular cancer is among the 
highest reported for any human cancer. A recent 
large case–control study of familial cancer re-
ported that the testicular cancer risk is increased 
4.63-fold when a father, 8.30-fold when a broth-
er, and 5.23-fold when a son of an affected man, 
respectively, had testicular cancer, compared to 
no familial testicular cancer [2]. In addition, a 
37- to 76.5-fold elevated risk of germ cell tumors 
(GCT) has been reported in dizygotic/monozy-
gotic twin brothers of men with GCT [3].

Numerous observational, case report, epide-
miological, and segregation studies have pro-
vided first level of evidence supporting a genetic 
basis for familial testicular cancer. Nevertheless, 
it is important to emphasize that genes are not the 
only factors that cluster in families, and separat-
ing other variables such as shared environmental 

and occupational exposures, patterns of behavior, 
and diet from genetic causes can be difficult.

Linkage studies have identified several rare 
tumor syndromes whose phenotypes include tes-
ticular cancer, such as Peutz–Jeghers and Carney 
complex.

See Table 39.1 for a summary of familial 
syndromes and genes associated with testicular 
 tumors.

Familial Germ Cell Tumors

Germ cell tumors (GCT), the most common tes-
ticular cancer, are broadly categorized as semi-
nomas and nonseminomatous GCT (NSGCT). 
The incidence of GCT has increased significantly 
during the last 40 years, predominantly in white 
men, in association with a simultaneous increase 
in cryptorchidism, hypospadia, and infertility [1].

Familial testicular GCT, defined as those di-
agnosed in at least two blood relatives, occurs 
in 1–2 % of all cases of testicular GCT. The evi-
dence of the existence of a true familial form of 
GCT is mainly supported by several years of 
segregation studies, which suggest an autosomal 
recessive mode of inheritance [4], and more re-
cently, linkage analyses have identified several 
genomic regions of modest interest on chromo-
somes 5, 6, and 12. However, no high-penetrance 
cancer susceptibility gene has been mapped yet 
[3–5].

The Y chromosome, which cannot be analyzed 
by genetic linkage, carries a number of testis- and 
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germ cell-specific genes. In 2005, the potential 
role of the Y chromosome gr/gr deletion as a fa-
milial testicular GCT risk factor was analyzed. 
This hypothesized association was based on the 
clear link between male infertility, whose most 
commonly identified genetic cause is the gr/gr 
deletion, and testicular GCT. The presence of 
gr/gr deletion was associated with a twofold in-
creased risk of testicular GCT and more strongly 
with seminoma [4]. In 2008, a study of the gene 
DND1 in 263 patients showed that, whether it is 
disease-causing or not, mutations in DND1 make, 
at most, a very small contribution to testicular 
GCT susceptibility in adults and adolescents [5]. 
More recently, germline mutations in phospho-
diesterase 11A ( PDE11A) were analyzed, con-
cluding that a strong but not perfect concordance 
between the presence of a testicular tumor and 
the presence of a mutation existed [4, 5].

Although the genetic basis of familial GCT 
remains still unknown, two recent genomewide 
association studies (GWAS) have identified the 
12q22 locus as a GCT susceptibility locus in both 
seminomas and NSGCTs [6, 7]. The 12q22 locus 
contains KITLG (also known as stem cell factor 
or steel), which encodes the ligand for the mem-
brane-bound receptor tyrosine kinase, c-KIT. It 
has been postulated that KITLG may explain the 
association on chromosome 12, since intratubu-
lar germ cell neoplasia cells, seminoma cells, and 
primordial germ cells all are known to express 
c-KIT in a membranous pattern by immunohis-
tochemistry techniques. A second association 
was identified at 5q31, downstream of SPRY4, 
a negative regulator of the RAS–ERK–MAPK 
pathway [8]. A functional association between 
KIT and SPRY4 has been suggested by tumor 

Table 39.1  Syndromes and genes associated with testicular tumors
Familial syndrome Gene localization Candidate gene/locus Gene function Testicular lesion/s
Familial germ cell 
tumors

12q22
5q31

KITLG
SPRY4

Inhibitors of the 
MAPK signaling 
pathway

GCT

Peutz–Jeghers 19q13.3 LKB1 (STK11) Negatively regulates 
organ growth

ITLCHSCN
LCSCT

Carney complex 17q22–24
2p16

PRKAR1A Cell growth LCSCT
Leydig cell tumor
Adrenocortical rests

Familial adenoma-
tous polyposis

5q21
1p

APC
MUTYH

Cell division 
regulation 
DNA repair

Yolk sac tumor
Sertoli cell tumor
GCT

Cowden disease 10q23 PTEN Cell cycle regulation Lipomatosis testis
Germ cell tumors

Bannayan–Riley–
Ruvalcaba syndrome

10q23 PTEN Cell cycle regulation Lipomatosis testis
Seminoma

Gorlin syndrome 9q22.3 PTCH (PTCH1) Formation of embry-
onic structures

Thecoma

Von Hippel–Lindau 
disease

3p25–26 VHL Cell growth Epididymal 
cystadenoma

Hereditary 
hemochromatosis

6p22 HFE Iron metabolism Seminoma

Li-Fraumeni 
syndrome

17p13.1 P53 Genome stability Mixed GCT
Teratoma

Neurofibromatosis 
type 1

17q11.2 NF1 Glial growth 
regulation

Seminoma
Mixed GCT
Teratoma

Adrenogenital 
syndrome

6p21.3
8q22

CYP21A2
CYP11B1

Steroidogenic 
pathways

TART
TART

ITLCHSCN intratubular large cell hyalinizing Sertoli cell neoplasia, LCSCT large cell calcifying Sertoli cell tumor, 
GCT germ cell tumors, TSG tumor suppressor gene, TART testicular adrenal rest tumor
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studies of imatinib-treated gastrointestinal stro-
mal tumors [9].

Peutz–Jeghers Syndrome

Peutz–Jeghers syndrome is a hereditary autoso-
mal dominant disorder associated with consid-
erable morbidity and decreased life expectancy. 
It is the most common form of hamartomatous 
polyposis with a reported prevalence of between 
1 in 29,000 and 1 in 200,000. Peutz–Jeghers syn-
drome clinical hallmarks are intestinal hamarto-
matous polyposis and melanin pigmentation of 
skin and mucous membranes [1].

Genetically, Peutz–Jeghers syndrome is char-
acterized by mutations in LKB1 (also known 
as STK11), a tumor suppressor gene located on 
the short arm of chromosome 19 (19p13.3). Pa-
tients are predisposed to multiple neoplasms. The 
most common malignancies are small intestinal, 
colorectal, stomach, and pancreatic adenocarci-
nomas. In the gynecologic tract, the best-known 
tumors are ovarian sex cord tumor with annular 
tubules and adenoma malignum of uterine cervix. 
In male patients, testicular lesions are less well 
characterized, but tend to develop during child-
hood and are associated with estrogenic mani-
festations, notably gynecomastia. An association 
with testicular tumors, particularly Sertoli cell tu-
mors, sex cord tumors with annular tubules, and 
aromatase-producing sex cord tumors, is also re-
ported [10].

The main testicular sex cord stromal tumors 
described in Peutz–Jeghers syndrome are intratu-
bular large cell hyalinizing Sertoli cell neoplasia 
and large cell calcifying Sertoli cell tumor. In-
tratubular large cell hyalinizing Sertoli cell neo-
plasia is a neoplastic process usually confined to 
the seminiferous tubules, although it may occa-
sionally progress to invasive Sertoli cell tumor 
with or without associated calcification. Large 
cell calcifying Sertoli cell tumor is related to in-
herited genetic syndromes such as Peutz–Jegh-
ers syndrome and Carney complex in up to 40 % 
of the cases; however, only a small fraction of 
syndromic patients (< 27 % of Peutz–Jeghers 

 patients) develop invasive large cell calcifying 
Sertoli cell tumor [11].

Carney Complex

Carney complex is an autosomal dominant con-
dition characterized by hyperpigmentation of 
the skin (lentiginosis), myxomas of the heart 
and skin, endocrine tumors or overactivity, and 
schwannomas. It is most commonly caused by in-
activating mutations of the regulatory subunit 1A 
of the protein kinase A (PKA) or cAMP-depen-
dent protein kinase (PRKAR1A). The PRKAR1A 
gene, on chromosome 17q22-q24, may function 
as a tumor-suppressor gene. Inactivating germ-
line mutations of the PRKAR1A gene are found in 
70 % of patients with Carney complex. Germline, 
protein-truncating mutations of phosphodiester-
ase type 11A (PDE11A) have been described to 
predispose to a variety of endocrine tumors, in-
cluding adrenal and testicular tumors [12]. Less 
commonly, the molecular pathogenesis of Carney 
complex is a variety of genetic changes at chro-
mosome 2p16. Despite dissimilar genetics, there 
appears to be no phenotypic difference between 
PRKAR1A and chromosome 2p16 mutations [13].

In the series described by Carney, nine pa-
tients presented with testicular tumors: large cell 
calcifying Sertoli cell tumor, Leydig cell tumor, 
adrenocortical rest tumor, or a combination of 
these. Large cell calcifying Sertoli tumors are the 
most common lesions and develop in approxi-
mately 30 % of patients within the first decade 
and in virtually all carriers by adulthood. Large 
cell calcifying Sertoli tumors may occur alone or 
may be associated with Leydig cell tumor, Ley-
dig cell hyperplasia, or adrenal cortical rest com-
ponents [14].

Sex cord stromal tumors in Carney complex 
have an apparent indolent natural history with 
low metastatic potential. Orchiectomy has been 
standard treatment in the past; however, large 
cell calcifying Sertoli cell tumors of the tes-
tes are overwhelmingly clinically benign, and 
unless there are significant hormonal changes or 
complicating symptoms, surveillance may be a 
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preferred management strategy [15]. In patients 
with Carney complex, enlargement of a solitary 
testicular tumor to greater than 4 cm is suspi-
cious of malignancy and orchiectomy is typically 
pursued. Although most unilateral solitary large 
cell calcifying Sertoli tumors behave in a benign 
fashion, those exhibiting extratesticular growth 
and occurring in older patients (mean age 39 
years) warrant orchiectomy because of the risk of 
malignancy [14]. Some authors have suggested 
that large cell calcifying Sertoli tumors in Car-
ney complex have more benign clinical outcomes 
when compared with those in Peutz–Jeghers syn-
drome [15].

Impaired fertility, defective sperm, and oligo-
spermia have been reported in men with Carney 
complex. The pathway that leads to infertility 
seems independent of the presence of testicular 
sex cord neoplasms, but the presence of a rela-
tionship is still unclear [16]. Clinical testing is 
available for PRKAR1A, and sequencing detects 
approximately 55 % of mutations. Many different 
mutations have been reported in the PRKAR1A 
gene, and in almost all cases, the sequence change 
leads to a premature stop codon [17]. More than 
two thirds of patients with Carney complex inher-
it the mutation from a parent, but approximately 
30 % of mutations occur de novo [18].

Familial Adenomatous Polyposis 
Syndrome

Familial adenomatous polyposis (FAP) is a dis-
ease classically characterized by the development 
of hundreds to thousands of adenomatous polyps 
in rectum and colon during the second decade of 
life. Almost all patients will develop colorectal 
cancer. It can have different inheritance patterns 
and different genetic causes. Attenuated FAP is a 
less severe form of FAP, marked by the presence 
of < 100 polyps and a later onset of colorectal 
cancer. FAP is caused by autosomal dominantly 
inherited mutations in the APC (adenomatous 
polyposis coli) gene, a tumor suppressor gene 
that controls beta-catenin turnover in the Wnt 
pathway. The APC gene is localized on chromo-
some 5q21. De novo occurrence is reported in 

30–40 % of the patients. Mutations are detected 
in 85 % of classical FAP families, while only 
20–30 % of attenuated FAP cases will exhibit a 
germline APC mutation. MYH/MUTYH, on chro-
mosome 1p, is the second FAP-related gene and 
is involved with base-excision repair of DNA 
damaged by oxidative stress. MUTYH mutations 
are inherited in an autosomal recessive fashion 
and account for 10–20 % of classical FAP cases 
without an APC mutation and for 30 % of attenu-
ated FAP cases [19].

The prevalence of concomitant testicular and 
colorectal cancer in the same patient is rare. 
Recent studies have suggested that the protein 
APC plays an important role in cell adhesion and 
migration, which is intricately linked with its 
tumor-promoting activities. Tanwar et al. have 
shown that APC is also essential for maintaining 
the integrity of the seminiferous epithelium [20]. 
Epigenetic studies suggest the involvement of the 
APC gene in testicular yolk sac tumor of infants. 
Loss of heterozygosity at 5q21, where the APC 
gene is localized, was detected in at least three of 
nine testicular yolk sac tumors. Promoter meth-
ylation was detected in seven of ten infantile yolk 
sac tumors; of the seven cases showing methyla-
tion, three also harbored loss of heterozygosity at 
5q21. These data indicate that inactivation of the 
APC gene, by allelic loss and/or promoter meth-
ylation, is related to the occurrence of infantile 
yolk sac tumors [21].

A case of bilateral Sertoli cell tumor in a FAP 
patient has been reported. The bilaterality and over-
expression of beta-catenin in this tumor strongly 
suggests an association between these two events. 
Also, testicular germ cell tumors have been report-
ed in two siblings in the context of an attenuated 
FAP linked to mutations in MUTYH [22].

PTEN Hamartoma Tumor Syndromes: 
Cowden Disease and Bannayan–Riley–
Ruvalcaba Syndrome

Cowden Disease

Cowden disease or multiple hamartoma syn-
drome, is an uncommon autosomal dominant 
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inherited disorder characterized by multiple 
hamartomas and by an increased  predisposition 
to breast carcinoma, follicular carcinoma of 
the thyroid, and endometrial carcinoma [23]. 
Cowden disease results, most commonly (80 %), 
from a mutation in the PTEN gene on arm 10q23. 
This mutation leads to characteristic features in-
cluding macrocephaly, intestinal hamartomatous 
polyps, benign skin tumors, and dysplastic gan-
gliocytoma of the cerebellum (Lhermitte-Duclos 
disease).

Testicular lesions are not uncommon in 
Cowden disease, and both benign and malignant 
tumors have been reported in these patients. The 
first case, described by Lindsay et al. [24], was 
a Cowden disease patient with presumable fat-
containing hamartomas in both testes diagnosed 
by MRI, suggesting the possible association be-
tween these benign lesions and Cowden disease. 
Another case of testicular hamartoma, concomi-
tant with an adenomatoid tumor of the epididy-
mis, was described in a 26-year-old patient with 
Cowden disease. Although histological confir-
mation was performed, neither morphological 
description nor photomicrographs were provided 
by the authors [25].

In the largest series to date, Woodhouse et al. 
[26] investigated the possibility of subnormal 
fertility in eight males with Cowden disease by 
ultrasound scan. An incidental finding in seven 
of these patients was diagnosed as testicular li-
pomatosis. Four of these cases were biopsied and 
reported as “interstitial lipomatosis consisting of 
nests of adipocytes within the testicular intersti-
tium with no intratubular calcification or intratu-
bular germ cell neoplasia.” The authors proposed 
testicular lipomatosis as a novel entity based on a 
distinctive ultrasound appearance and as a patho-
gnomic lesion for Cowden disease that could be 
used as a major criterion for the diagnosis since 
it has not been described outside the context of 
Cowden disease.

Two cases of germ cell tumors have been de-
scribed in Cowden disease patients: a seminoma 
[27] and a mixed germ cell tumor composed by 
embryonal carcinoma, mature teratoma, and yolk 
sac tumor [28].

Bannayan–Riley–Ruvalcaba Syndrome

Bannayan–Riley–Ruvalcaba syndrome is a rare, 
usually autosomal dominant disease associated 
with PTEN hamartoma tumor syndrome, and 
it is clinically diagnosed in the presence of the 
triad of macrocephaly, genital lentiginosis, and 
intestinal polyposis. The syndrome results from 
a germline mutation in PTEN tumor suppressor 
gene on chromosome 10q23. Patients with Ban-
nayan–Riley–Ruvalcaba syndrome have been re-
ported to have an increased incidence of benign 
tumors, especially lipomas and hemangiomas 
[29]. In 2008, Walker et al. reported a case of 
testicular seminoma in a background of testicular 
lipomatosis in a 31-year-old patient [30].

Nevoid Basal Cell Carcinoma 
Syndrome (Gorlin Syndrome)

Gorlin syndrome (GS) is an autosomal domi-
nantly inherited disorder characterized by mal-
formations of the skin, nerves, eyes, and bone, 
with frequent loss of heterozygosity at 9q22.3 or 
abnormalities in the PTCH (PTCH1) gene. It is 
associated with multiple basal cell carcinomas, 
medulloblastoma, and multiple odontogenic ker-
atocysts. Many women with this syndrome also 
develop ovarian thecoma or fibroma at a mean 
age of 30 years [31]. Thecoma is an extremely 
rare tumor in the testis, and only two cases have 
been reported to date, one of them in the context 
of Gorlin syndrome [31].

Von Hipple-Lindau Disease

Von Hippel–Lindau (VHL) disease is an auto-
somal dominantly inherited multisystem fam-
ily cancer syndrome, predisposing to retinal and 
central nervous system hemangioblastomas, clear 
cell renal cell carcinomas, pheochromocytomas, 
pancreatic islet cell tumors, and endolymphatic 
sac tumors. In addition, renal, pancreatic, and 
epididymal cysts occur [32]. Patients with VHL 
disease carry a germline mutation of the VHL 
gene, on chromosome 3p25–26.
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After hemangioblastoma, which is often the 
index tumor of the syndrome, the epididymis 
may represent the most frequently involved site 
in male patients, since epididymal cystadenomas 
have been reported in 17–50 % of male VHL 
patients [32]. Gaslker et al. studied ten VHL pa-
tients and concluded that epididymal cystadeno-
mas evolve from a variety of microscopic epithe-
lial tumourlets and are confined to the efferent 
ductular system. The pathogenesis of epididymal 
cystadenomas, and whether these lesions arise as 
a result of VHL gene inactivation, remains un-
known [32].

Hereditary Hemochromatosis

Hereditary hemochromatosis is an inherited au-
tosomal recessive disorder of iron metabolism re-
sulting in inappropriately elevated intestinal iron 
absorption leading to a progressive iron accumu-
lation in a variety of organs, such as the liver, 
pancreas, heart, skin, pituitary, joints, and testes. 
It predominantly affects Caucasian  individuals 
of northern European origin. Genetically, it is 
caused by a mutation in the hemochromatosis 
gene (HFE), located on chromosome 6p22. Two 
main HFE defects have been described: C282Y 
and H63D. Gunel-Ozcan et al. have reported 
that HFE H63D mutation seems to be an im-
portant risk factor for impaired sperm motility 
and is clinically associated with male infertility. 
One year later, a case of seminoma was reported 
in the context of hereditary hemochromatosis 
showing homozygosity for the C282Y muta-
tion of HFE gene. The authors hypothesized a 
parallelism between excess iron deposition in 
the liver leading to cirrhosis and hepatocellular 
carcinoma to excess iron deposition in the testes 
leading to testicular atrophy and possible testicu-
lar cancer [33].

Li-Fraumeni Syndrome

Li–Fraumeni syndrome is an autosomal domi-
nant hereditary disorder associated with greatly 
increased susceptibility to malignant neoplasms. 

The syndrome is linked to germline mutations of 
the p53 tumor suppressor gene on chromosome 
17p13.1. The classical Li–Fraumeni syndrome 
is a clinical diagnosis according to the follow-
ing criteria: a proband with a sarcoma before 
the age of 45 years, a first-degree relative with 
any cancer before the age of 45 years, and one 
additional first- or second-degree relative in the 
same lineage with any cancer before the age of 
60 years or a sarcoma at any age. Patients with 
Li-Fraumeni syndrome are particularly prone to 
carcinomas of the breast and adrenal cortex, sar-
comas of the soft tissues and bone, acute leuke-
mias, and brain tumors.

Some data suggest that carriers of germline 
TP53 mutations may be predisposed to other 
forms of cancer such as melanoma, carcinomas 
of the lung, prostate and pancreas, as well as go-
nadal germ cell tumors [34]. Although testicular 
tumors were not described in original Li-Frau-
meni families, in 1989, Hartley et al. reported the 
occurrence of five testicular germ cell tumors in 
relatives of children with bone or soft tissue sar-
comas and proposed that germ cell tumors may 
be an uncommon manifestation of the genetic 
predisposition to cancer that exists in the Li-Frau-
meni cancer family syndrome [35]. Later, Scott 
et al. reported a classical Li-Fraumeni patient who 
developed multiple tumors, after presenting with 
a teratoma of the testis [36]. Recently, Stechet and 
colleagues reported a case of a 20-month-old boy 
who presented with a testicular Leydig cell tumor 
and 6 years later developed a primitive neuroec-
todermal brain tumor. A novel splice site mutation 
of the TP53 gene was found in the proband, his 
father and younger sister, but only the proband 
has so far developed malignancy. Although the 
clinical phenotype in the boy was suggestive of 
Li-Fraumeni syndrome, the family did not strictly 
conform to the canonical definition [34].

Neurofibromatosis Type 1  
(von Recklinghausen’s Disease)

The term neurofibromatosis is used for a group 
of genetic disorders that primarily affect the cell 
growth of neural tissues. There are two forms of 
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neurofibromatosis: type 1 and type 2. Peripheral 
neurofibromatosis type 1 (NF1), also known as 
von Recklinghausen’s disease, is a neurodermal 
dysplasia and the most common type of neuro-
fibromatosis, estimated to represent 90 % of all 
cases. NF1 is an autosomal dominant condition 
caused by a spectrum of mutations affecting the 
NF1 gene located on chromosome 17q11.2 and 
characterized by the presence of cutaneous neu-
rofibromas, café au lait spots of the skin, and pig-
mented iris hamartomas.

The most common neurofibromatosis-asso-
ciated malignancies derive from neurogenic tis-
sues, although several malignancies originating 
from non-neurogenic tissue have been also de-
scribed. In 1988, Groot-Loonen et al. document-
ed a patient with neurofibromatosis and a mixed 
germ cell tumor of the testis; in 1990, Hilton and 
colleagues reported a case of testicular teratoma 
in a patient with peripheral neurofibromatosis. 
Recently, Kume and colleagues reported a case 
of bilateral testicular cancer associated with 
neurofibromatosis type 1, where the patient pre-
sented with an embryonal carcinoma of the right 
testis at age 15 and developed a seminoma of the 
left testis 10 years later [37]. Since loss of het-
erozygosity was not seen in intron 26 of the NF1 
gene, the pathogenesis of the testicular tumors 
remains unclear.

Adrenogenital Syndrome

Adrenogenital syndrome, also known as congeni-
tal adrenal hyperplasia (CAH), describes a family 
of autosomal recessive disorders characterized 
by enzyme defects in the steroidogenic pathways 
leading to glucocorticoid, and in most cases, min-
eralocorticoid deficiency [38]. Ninety percent 
of CAH cases have a defect in 21-α hydroxy-
lase enzyme, caused by severe mutations in the 
CYP21A2 gene, located on chromosome 6p21.3 
[39]. Steroid 11β-hydroxylase deficiency, caused 
by mutations in the CYP11B1 gene on chromo-
some 8q22, is the second most common cause 
of CAH and accounts for approximately 5 % of 
cases. This form of CAH is characterized by hy-
pertension and signs of androgen excess [40].

In CAH, cortisol production is reduced via 
negative feedback and adrenocorticotropic hor-
mone (ACTH) synthesis is increased. Chronic 
excessive ACTH stimulation may result in hy-
perplasia of ACTH-sensitive tissues in adrenal 
glands and other sites such as the testes, causing 
testicular masses known as “testicular adrenal 
rest tumors” (TARTs) [41, 42].

TARTs are extremely difficult to differentiate 
from Leydig cell tumors since both are composed 
of steroid-secreting cells and could lead to preco-
cious puberty and testicular masses. However, un-
like Leydig cell tumors, TARTs never contain Re-
inke crystalloids, are often bilateral, and most re-
spond to steroid suppressive therapy [41]. TARTs 
are always benign, although compression of the 
seminiferous tubules may lead to obstructive azo-
ospermia, irreversible damage of the surrounding 
testicular tissue, and consequent infertility [42].
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Introduction

Primary testicular neoplasms are rare with less 
than 10,000 new cases reported each year in the 
USA. Once a testicular mass is resected, it is im-
perative to establish an accurate diagnosis since 
the most common tumors are mostly curable as 
long as the therapeutic approach is directed to 
the specific tumor type. Testicular germ cell tu-
mors (GCTs) have a very good prognosis, even 
in the presence of metastatic disease, due to their 
exquisite sensitivity to cisplatinum-based chemo-
therapy. However, the therapeutic approach to 
clinical stage 1 primary testicular GCTs will vary 
significantly based on the pathological diagnosis 
rendered. In cases of pure seminoma, following 
orchiectomy, the patients are either placed on 
surveillance or given low-dose radiation therapy. 
No pathological features in the primary tumor, 
including lymphovascular invasion and rete tes-
tis involvement, have been validated to predict 
progression or are utilized to drive subsequent 
therapy. In mixed GCTs, lymphovascular inva-
sion and the percentage of embryonal carcinoma 
(EC) have been independently associated with an 
increased risk of disease progression in multiple 
studies. For this reason in many institutions, par-
ticularly in Europe, these patients will be given 
a modified protocol of systemic chemotherapy 

while, in others, a primary retroperitoneal lymph 
node dissection will be the treatment of choice. 
Sex cord-stromal tumors are primarily a surgical 
disease since no systemic therapies have shown 
significant efficacy. The hallmarks to cure include 
early detection and surgical removal of all exist-
ing disease. Prognostic factors are morphology 
based since no molecular markers have been iden-
tified to predict prognosis or response to therapy.

Germ Cell Tumors

Given the relative rarity of testicular GCTs and 
their vast morphological heterogeneity, it is un-
derstandable that pathologists in routine clinical 
practice resort to ancillary studies, particularly 
immunohistochemistry, to establish the correct 
diagnosis. Another very important clinical sce-
nario where the pathologic diagnosis is critically 
important is when evaluating retroperitoneal and 
mediastinal masses (midline masses of unknown 
origin), particularly in younger patients. While 
these masses may very well represent sarcoma 
or lymphoma, for example, GCTs should always 
enter in the differential diagnosis (Fig. 40.1a–d). 
Fortunately, there are multiple assays that can 
help us to establish the histogenesis of the le-
sion. Unfortunately, the rarity of the disease, the 
complex morphologies that can be present as 
well as the abundance of markers that have been 
published through the years as helpful in distin-
guishing between various entities have led to 
overdependence and overuse of ancillary studies 

C. Magi-Galluzzi, C. G. Przybycin (eds.), Genitourinary Pathology, DOI 10.1007/978-1-4939-2044-0_40,
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with its predictable negative impact on healthcare 
costs. The purpose of this chapter is to review the 
assays that are most useful in arriving at the cor-
rect diagnosis, incorporating novel markers that 
have entered the clinical laboratory in recent 
years, and limiting/eliminating the use of mark-
ers that are either of limited utility or have been 
supplanted by newer assays with better perfor-
mance characteristics. As is the case in virtually 
all tumors, there is no single marker that is 100 % 
specific or sensitive for any given tumor type. For 
this reason, markers should always be used in a 
panel, but this panel should be directed to the spe-
cific differential diagnosis under consideration.

Molecular Markers of Germ Cell Lineage

Through the years, a modest but significant 
amount of work has gone into understanding the 

molecular pathogenesis of testicular GCTs, the 
genomic differences among various tumor types, 
and the genes that are differentially expressed in 
chemotherapy-sensitive as well as chemothera-
py-resistant tumors [1–3].

However, none of these findings are used 
clinically, either to establish a precise diagnosis 
(subclassification) or to choose therapy. At this 
time, the key to selecting proper therapy lies on 
an accurate pathological diagnosis, assessment of 
pathologic risk factors, state-of-the-art imaging, 
and serum tumor markers.

Testicular GCTs can be divided into three 
groups (infantile/prepubertal, adolescent/young 
adult, and spermatocytic seminoma (SS)), each 
with its own constellation of clinical histology, 
molecular, and clinical feature [4–7]. They origi-
nate from germ cells at different stages of devel-
opment. Tumors arising in prepubertal gonads 
are either teratomas or yolk sac tumors (YSTs), 

Fig. 40.1  Seminoma in a needle biopsy of the retroperitoneum. a H&E stain. b OCT3/4 showing nuclear immunoreac-
tivity. c CD117 showing cytoplasmic/membranous staining. d CD20 staining surrounding lymphocytes
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tend to be diploid, and are not associated with 
i(12p) nor intratubular germ cell neoplasia un-
classified (IGCNU). The annual incidence is ap-
proximately 0.12 per 100,000. SS arises in older 
patients. These benign tumors may be either dip-
loid or aneuploid and have losses of chromosome 
9 rather than i(12p). Intratubular SS is  commonly 
encountered but IGCNU is not. Their annual in-
cidence is approximately 0.2 per 100,000. The 
pathogenesis of prepubertal GCTs and SS is 
poorly understood.

The most common testicular GCTs arise in 
postpubertal men and are characterized geneti-
cally by the presence of excess genetic mate-
rial of the short arm of chromosome 12, usually 
due to one or more copies of i(12p), or other 
forms of 12p amplification and aneuploidy [8] 
(Table 40.1). The consistent gain of genetic ma-
terial from the short arm of chromosome 12 seen 
in these tumors suggests that it has a crucial role 
in their development. IGCNU is the precursor to 
these invasive tumors.

While IGCNU is considered to be the precur-
sor of all GCTs, the stage in germ cells devel-
opment at which transformation occurs is not 
known. One model proposed by Skakkebaek and 
colleagues suggests that fetal gonocytes (primor-
dial germ cells) undergo abnormal cell division 
(polyploidization) in utero, primarily due to envi-
ronmental factors. These cells undergo abnormal 
cell division mediated by a kit receptor/kit ligand 
(stem cell factor) paracrine loop, leading to un-
controlled proliferation of gonocytes. Subsequent 
invasive growth may be mediated by  postnatal 

and pubertal gonadotrophin stimulation. In this 
model, i(12p) is seen only after stromal invasion 
occurs [9]. A second model proposed by Cha-
ganti and colleagues suggests that aberrant chro-
matid exchange events during meiotic crossing-
over may lead to increased 12p copy number and 
overexpression of cyclin D2 ( CCND2). In a cell 
containing unrepaired DNA breaks (recombina-
tion associated), overexpressed cyclin D2 may 
block a p53-dependent apoptotic response and 
lead to reinitiation of cell cycle and genomic in-
stability. This aberrant, genomically unstable cell 
is now able to escape the apoptotic effects of p53 
and may re-enter the cell cycle as a neoplastic 
cell. In this model, i(12p) is present in IGCNU 
[10].

Given the fact that i(12p) or at least excess 
genetic material of 12p is characteristic of post-
pubertal GCTs of the testis, it should not come as 
a surprise that its presence can and has been used 
as a diagnostic assay. This genetic abnormality is 
not absolutely pathognomonic of germ cell neo-
plasia, yet it is a very useful diagnostic tool in 
selected circumstances due to its rare occurrence 
in other solid tumors [11–13]. Classically, i(12p) 
is a feature best seen by karyotype which by def-
inition requires a metaphase spread (Fig. 40.2). 
However, in daily practice, this assay is rarely 

Table 40.1  Molecular characterization of testicular 
germ cell tumors (GCTs)
i(12p) is the most common genetic abnormality seen in 
testicular germ cell tumors
Presence of i(12p) is characteristic but not entirely 
specific for germ cell tumor origin
Presence of i(12p) is of diagnostic utility but does 
not predict histologic type, prognosis or response to 
therapy
i(12p) is best identified by karyotype analysis
Presence of i(12p) may be analyzed by fluorescent in 
situ hybridization (FISH) in formalin-fixed, paraffin-
embedded tissues, but this assay suffers from less than 
ideal sensitivity and specificity

Fig. 40.2  An early karyotype depicting the presence of 
two copies of isochromosome 12p [i(12p)] ( arrow). It 
was these early studies that allowed investigators to de-
fine what we now regard as the most common genetic ab-
normality seen in adult onset testicular germ cell tumors 
(GCTs)
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performed in solid tumors, given the popularity 
of modern molecular techniques. Because the 
possibility of germ cell origin is usually deter-
mined after the H&E slides are reviewed, many 
investigators have used fluorescent in situ hy-
bridization (FISH) to establish the presence of 
i(12p) in a formalin-fixed, paraffin-embedded 
(FFPE) tumor-bearing tissue. In fact, multiple 
papers have been written documenting its utility 
[14–17] (Figs. 40.3 and 40.4). The most com-
mon assay is a library probe covering 12p, some-
times combined with a chromosome 12 centro-
meric probe. In some cases, a three-color probe 
is used that includes a portion of 12q. In theory, 
this approach is more scientifically sound since 
the goal is to identify excess genetic material of 
12p rather than simply chromosomal gains com-
monly seen in any form of genomically unstable 
tumors. What all these studies have failed to do 
is to establish the sensitivity and specificity of 
their assay. As you can imagine, an assay that 
depends on the identification of abnormally 
large, irregular signals in a resting cell can be 
difficult to evaluate and is prone to problems in 
interpretation (Figs. 40.3 and 40.4). Now that 
other molecular assays that can utilize FFPE tis-
sues have entered the diagnostic arena, it is im-
perative that we develop a more precise assay. 
One possibility that is being explored is using 
a single-nucleotide polymorphism (SNP) array, 

which has the advantage of providing very good 
copy number data as well chromosome gains and 
losses. While the price of this assay at the pres-
ent time is high, the clinical penalty that is paid 
if this diagnosis is missed certainly merits the 
financial cost.

Immunohistochemical Markers

Immunohistochemical markers can be a very 
powerful ancillary tool in classifying GSTs [18]. 
With experience, the overwhelming majority of 
tumors can be classified on high-quality H&E 
slides alone. However, the relative low incidence 
of these tumors is such that any given pathologist 
is likely to encounter no more than a handful of 
cases a year. This fact combined with the wide 
morphologic spectrum that can be seen in these 
tumors makes it very likely that the pathologist 
will be overly dependent on ancillary studies to 
arrive at a final diagnosis. It is best to first elabo-
rate a differential diagnosis based on morphology 
and then decide what panel of antibodies should 
be ordered. Too often, I encounter cases in which 
virtually every marker associated with any type 
of GCT has been ordered, even though the differ-
ential diagnosis is rather limited. This “shotgun” 
approach should be avoided.

Fig. 40.4  Three-color FISH probe exhibiting i(12p) 
( arrow). The aqua centromeric probe is flanked by two 
red–green probes

 

Fig. 40.3  Single-color FISH assay exhibiting large, ir-
regular signals that may represent several copies of i(12p) 
( left). Normal signal can be seen in an adjacent cell ( right)
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Intratubular Germ Cell Neoplasia 
(IGCNU)

IGCNU can be seen adjacent to invasive GCTs in 
virtually all cases in which residual testicular pa-
renchyma is present [19]. It is present in up to 4 % 
of cryptorchid patients, up to 5 % of contralateral 
gonads in patients with unilateral GCT, and up to 
1 % of patients biopsied for oligospermic infertil-
ity. Its association with testicular GCTs arising 
in prepubertal patients is still a source of contro-
versy [4, 20, 21]. If present, it certainly does not 
have the same morphology or immunophenotype 
than what is seen in postpubertal gonads. Clini-
cally, there are two settings in which it may be 
critical to confirm the presence of IGCNU: in the 
evaluation of a testicular biopsy at the time of in-
fertility work up and when evaluating a testicular 
mass that is difficult to classify.

IGCNU cells contain glycogen and thus are 
PAS positive, diastase sensitive. Rarely will other 
intratubular cells, whether spermatogonia, sper-
matocytes, or Sertoli cells, show similar positiv-
ity. Placental-like alkaline phosphatase (PLAP) 
is one of the isoforms of alkaline phosphatase. 
PLAP antibodies will stain IGCNU, the majority 
of seminomas and ECs as well as a smaller per-
centage of YSTs. Immunoreactivity is seen in vir-
tually all cases of IGCNU, and the staining pat-
tern is usually membranous or cytoplasmic. No 
other non-neoplastic intratubular cells are immu-
noreactive for PLAP, but immunoreactivity may 
be seen in other types of nongerm cell malignan-
cies [22, 23]. Because better markers have been 
developed over the years, we hardly ever use 
PLAP in our workup of testicular tumors. C-kit 
(CD117), a tyrosine kinase receptor expressed on 
stem cells, is overexpressed in a large percentage 
of IGCNU as well as seminomas, but not in other 
GCTs [24]. The staining pattern is cytoplasmic/
membranous (Fig. 40.1c). Despite the overex-
pression of this antigen, CD117 is rarely mutated 
in these tumors. Care must be taken when inter-
preting CD117 in IGCNU since spermatogonia 
may occasionally express this antigen.

Other antibodies which immunoreact with 
IGCNU but are rarely used in clinical practice 
include M2A and 43-F [22, 25, 26]. POU5F1 

(OCT3/4) is a very interesting marker with great 
clinical utility [27]. The gene serves as a tran-
scription factor, and its product is expressed in 
pluripotent mouse and human embryonic stem 
cells and is down-regulated during differentia-
tion. Since the gene is also required for self-re-
newal of embryonic stem cells, knocking out the 
gene is lethal. This antigen is expressed solely 
in IGCNU, seminoma, and EC, suggesting that 
these are the types of GCT cells with pluripo-
tency, i.e., with capacity to differentiate. As a 
transcription factor, staining is localized to the 
nucleus (Fig. 40.1b).

Another transcription factor expressed in 
IGCNU is SALL4; however, this nuclear marker 
is expressed in a wider spectrum of GCTs includ-
ing seminoma, EC, YST, and some glandular el-
ements of teratoma [28]. As such, it is a useful 
marker in the characterization of GCTs but cannot 
be used in isolation. Podoplanin (clone D2-40), a 
transmembrane mucoprotein expressed on fetal 
germ cells, lymphatic endothelium, and mesothe-
liums, is an excellent cytoplasmic (membranous) 
marker with staining restricted to IGCNU and 
seminoma (Fig. 40.5) [29]. Since the expression 
patterns for CD117 and D2-40 overlap, there is 
no need to perform both assays.

There are several situations in which it is 
critically important to establish the presence or 

Fig. 40.5  Podoplanin (D2-40) showing strong cyto-
plasmic/membranous staining in intratubular germ cell 
neoplasia ( right) and seminoma ( left). This stain may be 
used interchangeably with CD117, but there is no need to 
perform both
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absence of IGCNU and in which immunohisto-
chemistry may be of great utility. These include 
during the workup of infertility and in the pres-
ence of a poorly differentiated testicular neo-
plasm in order to establish germ cell lineage 
(Fig. 40.1a–d). However, there is absolutely no 
reason to perform tests for all of the markers 
mentioned above. While one antibody may be 
sufficient, I usually test for two antigens, OCT4 
and either CD117 or D2-40. PAS, PLAP, M2A, 
and 43-F are of no additional clinical utility and 
I discourage their use. In this situation, SALL-4 
adds no additional information to OCT4.

Seminoma

Seminomas are the most common GCTs arising in 
the male gonad, whether they arise in a pure state 
or mixed with other morphologic types [30–32]. 
“Pure” seminoma account for 30 % of testicular 
GCTs and another 15–20 % contain syncytiotro-
phoblasts without other germ cell components. 
Seminoma cells contain glycogen (PAS positive) 
and express PLAP, CD117, OCT3/4, and SALL-
4 by immunohistochemistry but not cytokeratins, 
CD30, or inhibin (Table 40.2) [23, 33–37]. In 
fact, the immunophenotype of seminoma is virtu-
ally identical to IGCNU. In our practice, PAS and 
PLAP are rarely relied upon because of the avail-
ability of better discriminating markers. On occa-
sion, weak CD30 cytoplasmic immunoreactivity 
may be encountered in isolated seminoma cells, a 
finding that should not warrant a change in diag-
nosis. It is important to keep in mind that CD30 
may be expressed in some hematopoietic cells as 

well, so attention to nuclear detail is warranted. A 
minority of seminoma cells may express focal and 
weak, dot-like, or linear immunoreactivity for cy-
tokeratin AE1/AE3 and CAM 5.2. However, there 
is never diffuse and strong staining throughout the 
cytoplasm. Caution must be taken when interpret-
ing cytokeratin markers since syncytiotropho-
blasts are usually strongly immunoreactive, as are 
their mononuclear variants. If one relies on pan-
els of markers, this issue is resolved easily since 
syncytiotrophoblasts lack immunoreactivity to 
OCT4, SALL4, D2-40, etc. Like IGCNU, semi-
noma cells express OCT4 in a nuclear distribu-
tion [24, 37]. SALL4 is positive in a nuclear dis-
tribution, while CD117 and D2-40 are expressed 
in a cytoplasmic/membranous distribution, once 
again similar to ICGNU (Fig. 40.5).

In practical terms, the panel of markers used 
to establish a diagnosis of seminoma will depend 
on the differential diagnosis. What is important 
to remember is that no other invasive GCTs will 
exhibit diffuse immunoreactivity for CD117 and 
D2-40, while seminoma shares OCT4 nuclear 
positivity with EC and SALL4 nuclear immuno-
reactivity with EC and YST.

Spermatocytic Seminoma

SSs are rare, comprising less than 2 % of testicu-
lar neoplasms [30]. They represent an entirely 
separate and distinct clinicopathologic entity 
from classic seminoma. The peak incidence is in 
the sixth decade of life (medial 54 years). Patients 
as old as 87 years and as young as 25 years of age 
have been affected. This tumor occurs only in the 

Table 40.2  Immunohistochemical maker expression in primary testicular germ cell tumors (GCTs)
Marker IGCNU Seminoma Embryonal Ca Yolk sac tumor
OCT4a Positive Positive Positive Negative
CD117 Positive, 

membranous
Positive, 
membranous

Negative (weak/focal 
positivity can be seen)

Negative (weak/focal 
positivity can be seen)

D2-40a Positive Positive Negative Negative
CD30a Negative Negative Positive Negative
SALL4 Positive Positive Positive Positive
Glypican 3a Negative Negative Negative Positive
Cytokeratinb Negative+ Negative+ Positive Positive

a Denotes marker of choice
b Either CAM 5.2 or AE1/AE3
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male gonad, is not associated with either cryptor-
chidism, other types of GCTs, or i(12p). Tumor 
cells do not contain glycogen (negative PAS 
stain). Immunohistochemical stains for PLAP 
are negative, although occasional cells may be 
weakly immunoreactive. Cytokeratin stains are 
negative, although occasional cells may exhibit 
dot-like cytoplasmic staining. CD30, OCT4, and 
podoplanin are negative, while some investiga-
tors have reported variable immunoreactivity for 
CD117 (C-kit) and SALL4 [24, 30, 38].

Embryonal Carcinoma

In its pure form, EC comprise up to 3 % of GCTs, 
although approximately 40 % of all GCTs con-
tain an EC component. Over 50 % of tumors with 
either pure or predominant EC components will 
present with metastatic disease. Pure EC most 
commonly occurs in patients during the third or 
fourth decades of life, with an average age of 32 
years and is extremely rare in prepubertal chil-
dren [30]. Up to 10 % of patients present with 
symptoms related to metastatic disease. Metasta-
ses most commonly occur first to retroperitoneal 
lymph nodes. Twenty percent of patients present 
with metastatic disease with a smaller percentage 
also having supradiaphragmatic involvement.

The cells of EC usually show intense and dif-
fuse immunoreactivity for PLAP, OCT4, SALL4, 
as well as cytokeratins (AE1/AE3 and Cam 5.2) 
(Fig. 40.6a–d). CD30 (Ber-H2) is a member of 
the tumor necrosis factor receptor family and has 
a cytoplasmic membrane and Golgi distribution. 
It is expressed exclusively in EC (Fig. 40.7). 
SOX-2 is a transcription factor involved in em-
bryonic development and specifically plays a 
role in maintenance of pluripotency in undiffer-
entiated embryonic stem cells [37, 39, 40]. It is 
expressed in a nuclear distribution in the majority 
of ECs but not seminoma (only isolated cases) 
or YSTs. While it may serve as an alternative to 
CD30, the assay is difficult to standardize in a 
CLIA complicate automated environment so we 
do not use it clinically. Only about 2 % of ECs 
react with epithelial membrane antigen (EMA). 
Staining for CD117 protein generally is negative, 

although some cells may exhibit low level of 
staining. β-HCG is demonstrable only in inter-
mingled syncytiotrophoblastic cells [24]. Most 
AFP-positive foci in ECs probably represent 
unrecognized foci of YST or early transition to 
YST. Pertinent negatives include CD117 and D2-
40, remembering that the former can rarely stain 
isolated cells.

Yolk Sac Tumor

YSTs are characterized by multiple patterns of 
growth that recapitulate the yolk sac, allantois, 
and extra embryonic mesenchyme. It has a bi-
modal age distribution: infants and young chil-
dren and postpubertal males. In children, it com-
monly presents in its pure form, usually within 
the first 2 years of life. YSTs account for 75 % 
of childhood testicular GCTs. In the postpubertal 
setting, YST rarely presents in a pure form but is 
present in almost half of mixed GCTs [32, 41]. 
The incidence of a YST component is higher in 
primary mediastinal GCTs.

Tumor cells of YST are usually immunoreac-
tive for low molecular weight cytokeratins and 
α-fetoprotein (AFP), a plasma protein produced 
by the yolk sac and liver in the fetus. We have 
found that AFP immunohistochemistry can be 
difficult to interpret. Staining can be weak, 
patchy, and it is often associated with a dirty 
background. While we admit that some of these 
findings could be laboratory associated, the fact 
of the matter is that we never perform or interpret 
this assay in isolation. Because we now have bet-
ter antibodies, we do not consider this assay to 
be absolutely necessary. PLAP staining is vari-
able and may be absent. As previously stated, we 
rarely perform this assay since it lacks discrimi-
natory power. CD117, CD30, and OCT3/4 are 
usually negative, but SOX2, SALL4, and Glypi-
can 3 are positive [24, 39, 42, 43]. Glypican 3 
is a membrane-anchored heparin sulfate which 
expressed in virtually all YSTs and in the major-
ity of choriocarcinomas (Fig. 40.8). Expression 
can be seen in the epithelial component of some 
teratomatous glands and some trophoblastic ele-
ments, but it is otherwise limited to YSTs.
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Fig. 40.8  Glypican 3 immunoreactivity in syncytiotro-
phoblasts adjacent to unreactive seminoma

 

Fig. 40.7  Cytoplasmic staining for CD30 in embryonal 
carcinoma (EC) while the adjacent seminoma cells are 
negative

 

Fig. 40.6  Mixed germ cell tumor (GCT) composed of 
embryonal carcinoma (EC), yolk sac tumor (YST), and 
teratoma. a H&E stain. b OCT3/4 nuclear immunoreac-
tivity is limited to EC. c CD117, although usually limited 

to seminoma, may be weakly positive in EC, as it is here. 
d SALL4 nuclear staining is seen in EC and YST but not 
in the epithelial teratomatous elements
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Choriocarcinoma

Choriocarcinoma is composed of syncytiotro-
phoblastic, cytotrophoblastic, and other tropho-
blastic cells. It comprises less than 1 % of tes-
ticular GCTs in its pure form; however, it may be 
encountered as a component of a mixed GCT in 
up to 15 % of cases [30]. In its pure form, these 
highly malignant tumors occur in the second and 
third decades of life, are commonly associated 
with very high levels of serum HCG (usually 
above 50,000 mIu/mL), and exhibit metastatic 
disease at the time of initial presentation. In this 
setting, metastatic disease is found in not only the 
usual sites for other testicular tumors, but also via 
hematogenous spread to viscera, including lungs, 
liver, gastrointestinal tract, spleen, brain, and ad-
renal glands.

Syncytiotrophoblasts are immunoreactive 
with ß-hCG as well as inhibin, epithelial EMA, 
low molecular weight cytokeratins, and Glypi-
can 3. Human chorionic gonadotrophic (hCG) 
is a dimeric glycoprotein that is produced by 
placental trophoblastic cells, predominantly the 
syncytiotrophoblasts. The beta-chain is unique to 
hCG and thus is the best antigenic marker for it. 
Essentially all choriocarcinomas are positive for 
β-hCG, but such reactivity is often limited to syn-
cytiotrophoblasts or intermediate trophoblasts. 
Cytotrophoblasts are either negative or weakly 
positive for ß-HCG. PLAP may be positive but 
staining is variable [30]. Pregnancy-specific β1-
glycoprotein and human placental lactogen also 
are positive in syncytiotrophoblasts and interme-
diate-sized trophoblasts but are negative in cyto-
trophoblasts [32, 44].

Teratoma

The term teratoma refers to neoplasms com-
posed of tissues, which have differentiated along 
any of the three somatic pathways: ectoderm, 
mesoderm, or endoderm [30, 32, 45]. Tumors 
composed of only one of these components are 
regarded as monodermal teratomas. Teratomas 
may be composed of mature tissues, embryonal-
type tissues, or a mixture of both. Historically, 

they were subclassified as immature and mature 
forms based on their degree of differentiation. 
The World Health Organization (WHO) now rec-
ommends that these morphologies be considered 
as a single entity based on their overlapping ge-
netic and clinical features [30].

The immunohistochemical profile of terato-
mas will depend on the histologic component 
present. In addition, glandular elements are likely 
not to be immunoreactive for SALL4 and Glypi-
can 3, although focal staining may be evident for 
either marker; whether this represents early yolk 
sac differentiation is unknown. AFP may also 
be focally positive in glandular elements, which 
may be associated with the elevation of AFP in 
the cystic fluid [46].

Sex Cord-Stromal Tumors

The term refers to neoplasms containing Leydig 
(interstitial) cells, Sertoli cells, granulosa cells, or 
theca cells. While tumors may be made up of one 
or a combination of these cell types in varying 
degrees of differentiation, mixed histologic types 
are common in the ovary but rarely occur in the 
male gonad. The terminology used to describe 
these tumors is confusing and controversial, but 
it is best to adhere to the classification set forth 
by the WHO [30]. Sex cord-stromal tumors com-
prise 4–5 % of primary testicular neoplasms. The 
morphology of these lesions is less complex that 
in GCTs, yet they may be difficult to classify and 
may be confused with other neoplasms, including 
tumors of germ cell origin, particularly YST and 
seminoma, or with mesothelioma, adnexal tu-
mors as well as metastatic disease. There is very 
little known about the molecular underpinnings 
of this disease, except that some tumors may be 
associated with syndromes such as Peutz–Jeghe-
rs and Carney’s syndromes. Approximately 10 % 
of tumors show malignant behavior. Surgery re-
mains the mainstay of treatment since no form of 
systemic therapy has shown significant efficacy 
in treating the disease. To date, there are no mo-
lecular markers that can predict clinical outcome 
or response to treatment.



510 V. E. Reuter

Leydig Cell Tumor (LCT)

LCTs are the most common pure testicular sex 
cord-stromal neoplasms and account for 1–3 % 
of testicular neoplasms [30, 32, 47]. They may 
occur at any age, though most common between 
the third and sixth decades of life. Fifteen to 
twenty percent of cases will present in prepu-
bertal children. Approximately 10 % will metas-
tasize with metastasis more commonly seen in 
older patients. LCTs are immunoreactive with 
inhibin. Inhibin is a glycoprotein belonging to 
the TGFβ family. It is positive in a cytoplasmic 
distribution in LCTs as well as other sex cord-
stromal tumors. LCTs will also express melan 
A, calretinin, and vimentin (Table 40.3). Cal-
retinin, a calcium-binding protein, has a very 
similar staining profile as α-inhibin for the sex 
cord-stromal tumors. However, while almost all 
LCTs are positive, only a minority of Sertoli cell 
tumors (SCTs) is immunoreactive. Cytokeratins 
and S-100 protein are either negative or only 
focally positive. CD30, CD117, OCT3/4, and 
PLAP are negative [30, 40, 48, 49]. Steroido-
genic factor 1 (SF-1) is a nuclear transcription 
factor expressed in testicular Sertoli cells as well 
as other sex cord-stromal cells [50, 51]. While it 
appears to be expressed in a high percentage of 
sex cord-stromal tumors independent of type and 
eventually may prove to be a better marker than 
inhibin and calretinin, we need more studies to 
be performed before we advocate its routine use 
in lieu of the other markers.

Sertoli Cell Tumor: Usual Type  
and Its Variants

SCTs are rare, comprising less than 1 % of testic-
ular neoplasms [30, 52]. They may occur at any 
age and approximately 15 % develop in children, 
but rarely before the age of 10 years [53]. SCTs 
are immunoreactive for SF-1 and vimentin, while 
staining for cytokeratin, inhibin, and calretinin is 
variable. Cytokeratins and EMA are more likely 
to be expressed in LCT than in other types of 
sex cord-stromal tumors. Calretinin cannot be 
used in isolation since it will also be expressed 
in adenomatoid tumor and mesothelioma. Mark-
ers typically seen in GCTs are negative [30]. The 
immunophenotype of the sclerosing variant of 
SCT as well as the large cell calcifying Sertoli 
cell tumor expresses the same immunophenotype 
as the usual type, even though the morphology of 
the latter is quite distinct (Table 40.3).

Granulosa Cell Tumor

There are two subtypes of granulosa cell tumor, 
adult and juvenile, similar to what is seen in the 
ovary. The adult variant of granulosa cell tumor 
very rarely develops in the testis with less than 30 
bonafide cases reported in the literature [47, 54, 
55]. They have been described in males between 
the ages of 21 and 73 years and usually present 
as a testicular mass which may have been present 
for several years.

Juvenile granulosa cell tumors are the most 
common sex cord-stromal tumor of the infantile 

Table 40.3  Immunohistochemical markers most useful in identifying sex cord-stromal tumors. (Expression of any of 
these markers may be focal)
Marker Leydig cell 

tumor
Sertoli cell tumor LC calcifying 

Sertoli cell tumor
Granulosa cell 
tumor, adult type

Granulosa cell tumor, 
juvenile type

Inhibina Positive Variableb Positive Positive Positive
WT-1a Positive Positive Positive Positive Positive
Calretinin Positive Positive Positive Positive Positive
SF-1a Positive Positive Positive Positive Positive
FOXL2a Negative Negative Negative 40 % positive Unknown
Cytokeratin Negative 40 % positive Negative Usually negative Positive only in cells 

lining microcysts
a Denotes marker of choice, most likely to be of diagnostic utility
b Inhibin positivity is less commonly seen in SCT s as compared to LCTs
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testis [32, 56, 57]. They are usually encountered 
in the first 6 months of life, with one isolated 
case reported in a 21-month old and another in 
a 4-year old. Two cases have developed in un-
descended testes. Juvenile granulosa cell tumors 
may arise in patients with an abnormal karyotype 
and ambiguous genitalia.

The immunophenotype of granulosa cell tu-
mors is similar to other gonadal stromal tumors. 
The cells of the adult type will express inhibin, 
WT-1, and SF-1. FOXL2 is a recently described 
marker which is expressed in most ovarian gran-
ulosa cell tumors. Although there is limited data 
in testicular primaries, it appears that up 40 % 
will be positive while other types of gonadal 
stromal tumors are negative (Fig. 40.9a–d) [58, 
59]. In the juvenile variant, the cell lining the 
microcysts may be cytokeratin positive while 
the surrounding stromal cells are positive for 
inhibin.

A Rational Approach to the Workup  
of Testicular Tumors

In the preceding paragraphs, we have given a 
comprehensive list of all markers that have been 
used in the classification of testicular neoplasms. 
Clearly, it is impractical and borderline irre-
sponsible to indiscriminately order these assays 
without taking into consideration the differential 
diagnosis suggested by the clinical scenario and 
the morphological features of the tumor. There 
are several scenarios in which a pathologist is 
likely to require ancillary studies.

Is This Metastatic Tumor of Germ  
Cell Origin?

As always, a good clinical history and attention 
to the morphology of the tumor is paramount. If 

Fig. 40.9  Granulosa cell tumor. a H&E stain. b Inhibin. c Calretinin. d FoxL1 exhibits strong and diffuse nuclear im-
munoreactivity
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fresh tumor is available, the most specific manner 
to establish the presence of i(12p) is by karyo-
type. If only FFPE tissue is available, one can 
submit the sample for FISH analysis, with the 
caveat that this assay is neither entirely sensitive 
nor specific. If immunohistochemical workup 
is required, a panel consisting of OCT4, D2-40, 
CD30, and Glypican 3 should suffice.

Is This Testicular Tumor of Germ  
Cell Origin?

If testicular parenchyma is present, it is important 
to evaluate for the presence of IGCNU. If any 
doubt exists, OCT3/4, together with either D2-40 
or CD117, will help to identify the neoplastic 
cells (Table 40.2). Within the invasive tumor, 
the stem cell marker OCT3/4 is positive in semi-
noma and EC, but may very rarely be expressed 
in other primitive tumors; we have seen nuclear 
immunoreactivity is a few carcinomas as well as 
in an anaplastic lymphoma (Fig. 40.10a,b). Be-
sides OCT3/4, seminoma should be positive for 
CD117 and D2-40 and negative for CD30. EC 
is positive for OCT3/4 and CD30 but negative 
for CD117, D2-40, and Glypican 3. YST lacks 
immunoreactivity for OCT3/4, CD-30, CD117, 
and D2-40, but is positive for AFP and Glypican 
3. We find SALL4 to be of limited utility in this 
differential diagnosis.

Interestingly, the morphology of YSTs can be 
even more varied in a setting of prior systemic 

therapy or in late recurrences. In this situation, 
there is some evidence that Glypican 3 is the best 
way to identify YST lineage, and even to distin-
guish if one is dealing with a secondary somatic 
malignancy of germ cell origin or an unusual 
morphologic manifestation of YST. While this 
may be true, one must remember that the epithe-
lial lining of some teratomas can express both 
AFP and Glypican 3.

Is This Testicular Tumor of Sex 
Cord-Stromal Origin?

As strictly defined, intratubular germ cell neopla-
sia will be absent. All variants should be negative 
for the traditional germ cell markers (OCT3/4, 
SALL4, D2-40, CD117, CD30, Glypican 3); 
however, there is generally no need to perform 
all these assays (Table 40.3). Absence of SALL4 
and Glypican 3 should suffice. In this setting, 
SALL4 may be better than OCT3/4 simply be-
cause its expression covers a wider distribution 
than OCT3/4 that would be expected to be nega-
tive in YSTs. Positive markers will vary some-
what between different types of sex cord-stromal 
tumor being considered, but all should express 
inhibin, WT-1, calretinin, and SF-1. Cytokeratin 
is of limited utility but is more likely to be ex-
pressed in SCTs. FOXL2 expression appears to 
be limited to granulosa cell tumors.

Fig. 40.10  Malignant lymphoma involving the testis. Notice nuclear expression of OCT3/4 (a) and CD20 (b)
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Is This Tumor Arising in the Testicular 
Adnexa (Rete Testis, Epididymis)  
or the Mesothelial Lining?

Tumors that arise from the testicular adnexa are 
usually adenocarcinomas. Given their embryo-
logical origins, they are likely to express PAX8 
as well as other markers typical for adenocarci-
nomas, such as CK7 and CEA. An unusual vari-
ant thought to arise from Müllerian rests will 
express PAX8 as well as estrogen receptor (ER). 
Mesotheliomas arising in the tunica vaginalis 
may involve the testicular parenchyma. These 
tumors express the same immunophenotype as 
mesotheliomas arising at any other site, includ-
ing calretinin, and WT1, but not PAX8. None of 
these tumors should express markers associated 
with GCT lineage although the overlap with sex 
cord-stromal tumors, particularly calretinin in 
mesotheliomas, should be kept in mind.

Is This Tumor a Lymphoma?

Malignant lymphomarepresents up to 5 % of tes-
ticular neoplasms. It is the most common bilat-
eral tumor (either synchronous or metachronous) 
and the most common testicular tumor in men 
above the age of 60 [60]. The majority of patients 
have localized disease, but in a third of cases, 
testicular involvement is part of either regional 
or systemic disease. Lymphomas will express 
hematopoietic markers in accordance with their 
line of differentiation. They will not express cy-
tokeratin or PLAP. We have seen a single large 
cell lymphoma with focal nuclear immunoreac-
tivity for OCT3/4, but other GCT markers are 
negative while CD20 is positive (Fig. 40.10a, 
b). It is worth remembering that anaplastic large 
cell lymphoma is likely to express CD30, similar 
to EC and that we have encountered one case of 
anaplastic lymphoma with nuclear reactivity for 
the stem cell marker OCT3/4.

Primary leukemic tumors (granulocytic/my-
eloid sarcoma) of the testis are very rare [61]. 
Leukemic infiltration of the testis is most com-
monly seen on biopsy specimens in patents being 

evaluated for relapse after systemic therapy [62, 
63]. However, it may be seen at autopsy in up 
to 65–30 % of patients with acute leukemia and 
chronic leukemia, respectively. Symptomatic en-
largement of the gonad is encountered in 5 % of 
cases. On microscopy, leukemic cells infiltrate 
between the seminiferous tubules and rarely ex-
tend into the seminiferous tubule itself. Marker 
expression will include MPO, lysozyme, CD68, 
and CD117, although the precise expression pat-
tern will depend on the precise cell lineage. Com-
mon germ cell markers will be negative.

Is This Tumor Metastatic Disease?

Metastasis to the testis from solid tumors is rare 
and usually presents in patients with known pri-
mary disease elsewhere and known metastatic 
disease. It is typically encountered in patients 
beyond the age of 50 years. The most common 
primary sites include prostate, colon, kidney, and 
melanoma [64]. In children, the most common 
tumors to metastasize to the testis include neu-
roblastoma and rhabdomyosarcoma [65–67]. In 
difficult cases, an immunohistochemical panel 
which includes a broad spectrum of entities may 
be required, but there is no substitute for a de-
tailed clinical history.
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Introduction

More than 90 % of testicular neoplasms originate 
from germ cells. Physical examination, scrotal 
ultrasound, and measurement of serum markers, 
such as lactate dehydrogenase, α-fetoprotein, and 
human chorionic gonadotropin, define the nature 
of most testicular masses. Thus, clinical suspi-
cion for testicular neoplasm on the basis of the 
current methods of diagnosis, without a cytolog-
ic or tissue diagnosis, usually results in prompt 
radical orchiectomy. Indeed, it is not appropriate 
to perform fine-needle aspiration and needle core 
biopsy of the testis because of the risk of implant-
ing malignant cells in the scrotum. It is therefore 
uncommon for the pathologist to get involved in 
defining the nature of testicular tumors prior to 
orchiectomy. Of note is that an increasing num-
ber of cases have been treated with partial orchi-
ectomy (testis-sparing surgery) [1, 2] that may 
require intraoperative frozen section assessment 
(FSA).

Common Indications  
for Intraoperative Consultation

• Gross and/or histopathologic diagnosis for 
testicular/paratesticular lesions (e.g., non-neo-
plastic process, epidermoid cyst/dermoid cyst, 
teratoma, non-teratomatous germ cell tumor, 
lymphoma)

• Surgical margin status during partial orchiec-
tomy

• Histopathologic diagnosis of retroperitoneal 
lymph node dissection specimen

Assessment of Testicular Lesions  
for Potential Organ-Sparing Surgery

When intraoperative consultation is requested in 
the context of a histopathologic diagnosis of tes-
ticular masses, macroscopic examination may be 
all that should be done, as there are often no im-
mediate management issues at stake. However, 
there are exceptions in which intraoperative FSA 
for testicular mass plays a significant role par-
ticularly in obviating radical orchiectomy.

• Fibrous pseudotumor: Testicular/paratesticular 
fibrous pseudotumors believed to be reactive 
lesions resulting from trauma, hydrocele, or 
infection may exhibit three distinct histologic 
appearances: (1) “plaque-like” consisting of 
dense fibrosis with minimal inflammation; (2) 
“inflammatory sclerotic” consisting of dense 
fibrosis with significant  inflammation; and (3) 
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“myofibroblastic” consisting of tissue-culture-
like cells with numerous capillaries and sparse 
inflammation [3]. They can clinically mimic 
neoplasms, and many patients have undergone 
radical orchiectomy for suspicion of malig-
nancy. Considering this reactive process is 
often localized and occurs in young males, tes-
ticular-sparing surgery should be considered a 
possibility. Nonetheless, in some of the cases 
with diffuse process, accurate frozen section 
diagnosis still failed to prevent radical orchi-
ectomy mainly due to questionable testicular 
viability [4].

• Adenomatoid tumor: Adenomatoid tumor is 
a benign neoplasm of mesothelial origin (or 
may be a peculiar form of nodular mesothe-
lial hyperplasia) most commonly found in the 
epididymis. It usually presents as a small (up 
to 5 cm), solid, firm, well-circumscribed mass 
occasionally containing cysts. It can encroach 
the testicular or adnexal structures clinically 
and histologically may mimic a malignant 
proliferation (Fig. 41.1). An accurate FSA 
allows for testicular-sparing surgery.

• “Benign” tumors: Most of small masses often 
detected incidentally (e.g., scrotal ultraso-
nography) are benign. In the management of 
these tumors, radical orchiectomy may not 
be necessary. Neoplasms generally with a 
benign course suitable for testicular-sparing 
surgery include Leydig cell tumor (Fig. 41.2), 

Sertoli cell tumor (Fig. 41.3), epidermoid 
cyst/dermoid cyst, and teratoma in prepu-
bertal patients. In our experience, there have 
been situations where an equivocal or incor-
rect frozen section diagnoses, such as “sus-
picious for epidermoid cyst” and “mature 
teratoma” for epidermoid cysts (on permanent 
section), resulted in radical orchiectomy [5]. 
Therefore, clear and effective communication 
between the surgeon and pathologist is always 
essential.

Fig. 41.3  Frozen section of a Sertoli cell tumor showing 
nests and tubules lined by uniform cells with clear and 
vacuolated cytoplasm and paucicellular stroma. Original 
magnification × 100

 

Fig. 41.2  Frozen section of a Leydig cell tumor showing 
well-circumscribed tumor composed of cells with abun-
dant eosinophilic cytoplasm, large round nuclei, and fre-
quent small nucleoli. Original magnification × 40

 

Fig. 41.1  Frozen section of an adenomatoid tumor with 
cords of tumor cells and fibrotic background mimicking 
an adenocarcinoma. Original magnification × 100
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• Malignant germ cell tumors: It is very unusual 
to consider partial orchiectomy for the treat-
ment of malignant germ cell tumors. Patients 
with palpable masses and hormone-related 
manifestation such as elevated serum markers 
and gynecomastia are not typically candidates 
for testicular-sparing surgery. However, it may 
be an option in some highly selected patients 
who have a small mass (less than 2 cm in size) 
in a solitary testicle or bilateral concurrent 
testicular tumors and a desire for fertility or 
avoidance of androgen supplementation [1, 
2]. When a partial orchiectomy specimen is 
submitted for intraoperative consultation, it is 
important to include adjacent normal-appear-
ing testicular parenchyma in FSA in order 
to detect potentially multifocal intratubular 
germ cell neoplasia. Other reported pitfalls of 
FSA of germ cell tumors include distinctions 
between squamous metaplasia in a hydrocele 
or epididymal lesions vs. teratoma, granulo-
matous process vs. seminoma (Fig. 41.4), 
and mixed germ cell tumor (when sampled 
focally) vs. pure seminoma [6].

• Lymphoma: Lymphoma is the most com-
mon testicular malignancy in elderly men 
and frequently involves both testicles. Most 
of primary testicular lymphomas display a 
B-cell immunophenotype (e.g., large B-cell 

 lymphoma) (Fig. 41.5). However, T-cell or 
follicular lymphomas involving the testis 
have also been reported [7, 8]. Systemic che-
motherapy remains the standard treatment 
for testicular lymphomas, but the blood–tes-
tis barrier is known to impede the delivery of 
chemotherapeutic agents to the testis. Thus, 
radical orchiectomy is beneficial in providing 
tissue for diagnosis and removing a poten-
tial sanctuary site for tumor cells. Accord-
ingly, frozen section diagnosis of lymphoma/
lymphoid proliferation in a biopsy specimen 
does not readily abstain from proceeding with 
radical orchiectomy, while it is helpful in 
reserving fresh tumor from the orchiectomy 
specimen for flow cytometry and molecular 
 genetics analyses.

Margin Evaluation During Partial 
Orchiectomy

It is usually unnecessary to perform an FSA of 
the spermatic cord margin during radical orchi-
ectomy for testicular germ cell tumor, because 
a positive margin is extremely rare in current 
practice. However, partial orchiectomy speci-
men is occasionally submitted for intraoperative 
consultation for evaluating surgical margins. As 
mentioned previously, organ-sparing surgery 
could be suitable for those patients with small 

Fig. 41.4  Frozen section of a classic seminoma showing 
monotonous, evenly spaced tumor cells with abundant 
clear cytoplasm. Noticed is also the presence of fibrovas-
cular septae filled with lymphocytic infiltrate. Original 
magnification × 100

 

Fig. 41.5  Frozen section of a malignant lymphoma 
showing diffuse interstitial infiltrate of discohesive tumor 
cells. Original magnification × 100
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benign lesions or rarely for those highly selec-
tive patients with malignant tumor. In evaluating 
the surgical margin for those potentially germ 
cell tumors, special attention needs to be paid to 
the presence of intratubular germ cell neoplasia 
in the grossly unremarkable parenchyma in addi-
tion to invasive tumor.

Assessment of Retroperitoneal Lymph 
Node Dissection in Patients with 
Testicular Neoplasm

Retroperitoneal lymph node dissection is per-
formed not only for accurate staging but also 
for therapeutic purposes in patients with non-
seminomatous testicular cancer with or without 
receiving chemotherapy. Residual metastatic 
seminoma may also be resected after radiother-
apy in selected cases. The spread of germ cell 
tumors to the retroperitoneal nodes generally 
proceeds in an orderly anatomic fashion. There-
fore, intraoperative FSA is used particularly at 
the margins of the anatomic dissection to guide 
the extent of node dissection.

If multiple lymph nodes are submitted, the 
largest or grossly suspicious one should be sub-
mitted for FSA. The FSA report needs to indi-
cate the type of germ cell tumor and the relative 
amount of each component. The findings of total-
ly necrotic and/or fibrotic tissue on FSA in cases 
following chemotherapy should be reported as a 
provisional diagnosis, since the permanent sec-
tions may reveal focal viable tumor cells. There-
fore, the number and selection of tissue for frozen 
section are both important for an accurate diagno-
sis. Metastatic tumors may show a variety of his-
tologic features, not only germ cell tumor such as 
teratoma, embryonal carcinoma (Fig. 41.6), yolk 
sac tumor, or seminoma, but also components of 
carcinomatous or sarcomatous transformation. 
The histologic findings provide important infor-
mation for choice of additional chemotherapy 
and prognostication.
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focal embryonal carcinoma. Original magnification × 200
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Introduction

Testicular germ cell tumors (TGCT) originate 
from the malignant counterpart of primordial 
germ cells/gonocytes. Various studies have sug-
gested an inherited predisposition to the devel-
opment of these tumors, based on the increased 
risks associated with a positive family history, 
the higher frequency of bilaterality in familial 
cases, and the ethnic and racial differences. How-
ever, no high-penetrance susceptibility gene has 
yet been identified, suggesting a genetic architec-
ture in which multiple loci contribute to testicular 
germ cell tumors susceptibility.

The only recurrent cytogenetic alteration de-
tected in TGCTs is the gain of the short arm of 
chromosome 12, mostly as isochromosomes.

Candidate gene studies have identified two 
loci of interest, that is, the Y-chromosome gr/
gr deletion and the PDE11A gene, while recent 
genome-wide association studies have identified 
at least three genes involved in the KITLG/KIT 
signaling pathway (KITLG, SPRY4 and BAK1).

Although DNA hypermethylation plays a 
crucial role in tumorigenesis, aberrant de novo 
methylation of tumor suppressor genes or tumor-

related genes is a rare event in TGCT, particu-
larly in seminomas, although there have been re-
ports on differentially methylated genes among 
seminomatous and non-seminomatous TGCTs.

MicroRNAs and Piwi-interacting RNAs are 
increasingly seen as important elements in both 
gonadal development and spermatogenesis and 
their pathologies.

Recent expression profiling studies of TGCTs 
along with advances in embryonic stem-cell 
research have contributed to our markedly im-
proved understanding of the pathogenesis of tes-
ticular cancer. However, many questions remain 
unanswered and among them probably the most 
important one concerns the etiology of TGCTs 
and the relative roles of genetic versus environ-
mental or lifestyle factors.

Genetic Alterations in Testicular 
Tumors

Though relatively rare, testicular (and extrago-
nadal) germ cell tumors are the most common 
solid tumors in young men aged 18–35 years 
and represent the leading cause of cancer-related 
morbidity and mortality in this group.

Adult male TGTCs arise from malignant 
transformation of the same precursor, a totipo-
tent germ cell [1], called carcinoma in situ (CIS)/
intratubular germ cell neoplasia or testicular in-
traepithelial neoplasia (ITGCN). The process 
starts prenatally, is often associated with some 
degree of gonadal dysgenesis, and involves the 
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acquisition of specific genetic aberrations and 
subsequent epigenetic alterations [2]. Evidence 
from morphological, epidemiological, immu-
nohistochemical, and gene expression profiling 
studies indicates that the ITGCN cell is derived 
from a gonocyte or primordial germ cell [3]. 
ITGCN and seminomatous cells are character-
ized by expression of OCT3/4 and NANOG, all 
identified as transcription factors related to pluri-
potency in embryonic stem cells.

Family history of TGCT is one of the strongest 
and most consistent risk factors for this tumor. 
Approximately 1.4 % of newly diagnosed TGCT 
patients report a positive family history of TGCT. 
Bilateral testicular germ cell tumors are more 
likely to occur in familial aggregations than in 
sporadic cases. Studies have estimated that broth-
ers of affected cases have an eight-to tenfold in-
creased relative risk compared with the general 
population and fathers/sons of TGCT cases have 
a four- to sixfold higher risk [4]. These high fa-
milial risks suggest that inherited susceptibility 
and/or environmental factors that cluster in fami-
lies may play a substantial role in the etiology 
of a significant portion of TGCT cases. Genome-
wide screens subsequently provided evidence 
of a TGCT susceptibility gene on chromosome 
Xq27 (TGCT1) that might also predispose to 
cryptorchidism. However, this putative gene has 
yet to be identified, and other TGCT susceptibil-
ity genes probably exist [5]. Although the famil-
ial relative risk of TGCT is considerably higher 
than for most other cancers, the absolute risk is 
comparatively low (lifetime risk approximately 
1⁄230 in Caucasian men). Since no specific high-
penetrance susceptibility gene has been identi-
fied, it is likely that the combined contribution of 
multiple common alleles, each conferring modest 
risk, might underlie familial testicular cancer [6].

ITGCN, seminomas, and all variants of non-
seminomatous germ cell tumors (NSGCT) are 
characterized by marked aneuploidy in nearly 
all cases as well as specific chromosome gains 
and losses. The only recurrent cytogenetic altera-
tion is the gain of the short arm of chromosome 
12, mostly as isochromosomes [7, 8]. Specifi-
cally, isochromosome 12p is the most common 
alteration (~ 80 %), with duplication of 12p and 

amplification of shorter stretches of 12p being 
much less common. While seminomas show 
high-level amplification of 12p, gain of proximal 
17q and loss of 10q have been detected in NS-
GCTs [9]. Interestingly, ITGCN without adjacent 
invasive TGCT does not contain isochromosome 
12p in most studies, which suggests that isochro-
mosome 12p is not required for the development 
of ITGCN [10]. It is believed that the gain of 12p 
is important in tumor progression and occurs 
subsequent to aneuploidy. This gain appears to be 
multifunctional in germ cell tumorigenesis on the 
basis of the observed overexpression of several 
candidate genes [including KITLG, NANOG 
(and its pseudogenes), KRAS2, BCAT1, and 
CCND2] mapped to this region involved in 
maintenance of pluripotency and oncogenesis.

Further studies are required before we fully 
understand the role of chromosome 12p in TGCT 
carcinogenesis.

Compared to chromosomal abnormalities, 
specific gene mutations in TGCTs are less fre-
quent. The most frequent single genes affected 
in TGCTs are KIT, K-RAS, N-RAS, and B-RAF 
[11]. Eight percent of TGCTs have mutations 
in KIT, 5 % in K-RAS, 3 % in N-RAS, 8 % in 
MADH4, and 1 % in STK10. Somatic mutations 
have also been identified in TP53, MET, SN-
F1LK, and PTEN [12]. Copy number changes 
are relatively common in TGCT, and point mu-
tations are relatively rare when compared with 
other cancer types.

Seminomatous and NSGCTs are much more 
frequent in the testis than in the ovary, which 
suggests a link to the Y chromosome. This idea 
is strengthened by the fact that patients with dis-
orders of sex development (DSD) are at risk for 
development of TGCTs.

The Y chromosome carries a number of tes-
tis- and germ cell-specific genes. The region of 
interest on the Y chromosome is the so-called 
male-specific Y (MSY) region, which contains 
high density of genes from nine families, each 
gene existing in multiple (2–35), near-identical 
copies [13]. Genes within the MSY are expressed 
predominantly or exclusively in the testis and are 
believed to contribute to the development and 
proliferation of germ cells.
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Candidate association studies in sporadic 
TGCT have detected a Y chromosome 1.6-Mb 
deletion (designated gr⁄gr), previously implicated 
in spermatogenic failure and subfertility, in 3.0 % 
of TGCT patients with a family history, 2 % of 
TGCT cases without a family history, and 1.3 % 
of unaffected male controls, demonstrating that 
the deletion confers an approximately twofold 
risk of TGCT [14]. The association between gr⁄gr 
and TGCT is stronger for seminomas than for 
NSGCTs. However, because of its low frequency 
and modest risk, this microdeletion accounts for 
approximately 0.5 % of the excess familial risk 
of TGCT.

Genetic susceptibility conditioning familial 
TGCTs has been established, confirming muta-
tions or single nucleotide polymorphisms (SNPs) 
affecting some genes involved in normal germ 
cell differentiation such as KITLG, SPRY4, 
PDE11A, and BAK1 [15].

Genome-wide association studies (GWAS) 
[16–18] utilizing TGCT samples from the UK 
have recently identified eight SNPs at six loci: 
12q21 (KITLG), 5q31 (SPRY4), 6p21 (BAK1), 
5p15 (TERT-CLPTM1L), 9p24 (DMRT1), and 
12p13 (ATF7IP). The loci at 5q31, 9p24, and 
12q21 were independently reported with con-
sistent effect by Kanetsky et al. in their GWAS 
comprising cases of TGCT from the USA [19]. 
KITLG, SPRY4, and BAK1 are all involved in 
the KITLG⁄KIT signaling pathway. KITLG⁄ KIT 
system regulates survival, proliferation, and 
migration of germ cells [20], and germ line ho-
mozygous null mutations of either gene in mice 
cause infertility due to failure of progenitor germ 
cell development. SPRY4 is an inhibitor of the 
mitogen-activated protein kinase pathway that 
is activated by the KITLG⁄KIT pathway. BAK1 
encodes a protein that promotes apoptosis by 
binding to and antagonizing the apoptosis repres-
sor activity of BCL2 and other antiapoptotic pro-
teins. BAK1 expression in TCGT is repressed by 
the KITLG⁄KIT pathway, and the interaction of 
BAK1 with antiapoptotic proteins is implicated 
in germ-cell apoptosis that occurs in response to 
the blockade of KITLG⁄KIT pathway [21]. TERT 
and ATF7IP relate to a pathway of telomerase 
regulation: TERT encodes telomerase while 

ATF7IP regulates expression of TERT and its 
partner TERC. DMRT1 relates to a pathway of 
sex determination [18].

Since frequencies of risk alleles at 12q21 are 
much lower in the African population than in the 
Caucasian, the 12q21 locus may, in part, account 
for the different frequency of TGCT observed be-
tween ethnic groups [22].

Although these SNPs may be biologically sig-
nificant, these six loci together with gr/gr dele-
tion account only for approximately 15 % of the 
excess familial risk of TGCT. The remaining 
85 % of genetic predisposition is yet unexplained 
and requires further investigation [18].

Epigenetics of Testicular Tumors

The term “epigenetics” refers to heritable chang-
es in gene function that occur without any change 
in the DNA sequence. Epigenetics is regulation 
of gene expression and can be essentially trans-
mitted to daughter cells formed after meiosis or 
mitosis [23] and possibly also through genera-
tions. Environmental factors can affect epigene-
tic processes. So far, three main epigenetic mech-
anisms are known: DNA methylation, chromatin 
remodeling, and microRNA regulation. Of those, 
DNA methylation is the best known and most 
thoroughly studied epigenetic mechanism [24].

Methylation

DNA methylation, a key component of the epig-
enome involved in regulating gene expression, 
is initially acquired in the germ line at millions 
of sites across the genome. Hypermethylation 
of CpG islands (sequences rich in CpG) associ-
ated with silencing of tumor suppressor genes 
or tumor-related genes is a common hallmark 
of human cancer. TGCTs have distinctive DNA 
methylation profiles that differ from those of so-
matic tissue-derived cancers or somatic tissues 
[25]. TGCTs exhibit greater degree of hypometh-
ylation compared to other cancers [26].

TGCT methylation patterns are similar to 
those exhibited by primordial germ cells [27]. 
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Seminomas are basically devoid of DNA meth-
ylation and NSGCTs in general have methylation 
levels comparable with other tumor tissues. In 
general, DNA methylation seems to increase with 
differentiation, and among NSGCTs, undiffer-
entiated embryonal carcinomas harbor the low-
est levels of DNA promoter hypermethylation, 
whereas well-differentiated teratomas display the 
highest [28].

So far, a limited number of tumor suppres-
sor genes have been found inactivated by DNA 
promoter hypermethylation in more than a minor 
percentage of TGCTs, including MGMT, SC-
GB3A1, RASSF1A, HIC1, and PRSS21. RASS-
F1A methylation has been detected in 40 % of 
seminomas and 83 % of NSCGT components. 
These findings are consistent with a multistep 
model in which RASSF1A methylation occurs 
early in TGCT tumorigenesis and additional 
epigenetic events characterize progression from 
seminoma to NSGCT [29]. PRSS21 (testisin 
gene at 16p13), a serine protease abundantly ex-
pressed only in normal testes, is thought to be 
a tumor suppressor gene silenced by aberrant 
methylation in TGCTs [30]. CpG sites in the 5′ 
untranslated region proved to be relevant to tes-
tisin gene silencing when methylated. It has been 
demonstrated that the median normalized index 
of methylation is 8.6 times higher in TGCTs than 
in normal testicular samples, and significantly 
higher in NSGCTs than in seminomas.

LINE1 and Alu are two major DNA repetitive 
elements, which consist of interspersed and tan-
dem repeats. LINE1 is a long group of interspersed 
nucleotide elements that constitutes at least 18 % 
of the human genome. The Alu repetitive element 
is the most abundant short interspersed nucleo-
tide element in the human genome and accounts 
for about 10 % of the entire genome [24]. Alu and 
LINE1 elements are normally heavily methylated 
and contain much of the CpG methylation found 
in normal human tissues. However, both LINE1 
and Alu repeats are extensively unmethylated 
in seminomas, whereas in NSGCTs the LINE1 
sequence is extensively unmethylated, but Alu 
elements are methylated, confirming a difference 
in degree of methylation between seminomatous 
and NSGCT.

Imprinting defects, DNA hypomethylation 
of testis/cancer associated genes, and presence 
of unmethylated XIST (X inactive specific tran-
script) are frequent in TGCTs [28]. TGCTs con-
tain supernumerical X chromosomes in a hypo-
methylated state at the 5′ end. XIST is expressed 
exclusively from the inactive form of the X 
chromosome and is thought to be involved in the 
inactivation process of female X chromosomes. 
XIST gene expression has been found in semino-
mas (83 %) but less frequently in NSGCTs (25 %) 
[31].

Genomic imprinting is an epigenetic mecha-
nism causing functional differences between 
paternal and maternal genomes and playing an 
essential role in mammalian developmental pro-
cess. Differential methylation of cytosine resi-
dues in CpG dinucleotides in critical regions of 
imprinted genes is part of the process that differ-
entiates paternal and maternal alleles. Maternally 
expressed H19 is one of the best-characterized 
imprinted genes: the 5′ region of H19 is meth-
ylated in paternal and unmethylated in maternal 
alleles [24]. Fetal spermatogonia are predomi-
nantly unmethylated at differentially methylated 
regions of H19, whereas adult germ cells of testis 
show significant methylation at this region [32]. 
These phenomena are regarded as “DNA repro-
gramming,” which are observed genome-wide 
in germ cells or preimplantation embryos. Both 
seminomatous and NSGCTs show predominant 
unmethylation or biallelic unmethylation at the 
5′-region of H19, suggesting that TGCTs show 
consistent demethylation at the imprinting do-
main, analogous to the situation in fetal germ 
cells.

Chromatin Remodeling

Primordial germ cells and gonocytes are known 
to undergo extensive epigenetic reprogramming. 
Recent data in mice have demonstrated that sup-
pression of somatic differentiation programs in 
primordial germ cells is mediated by a complex 
of two proteins, Blimp1 (B-lymphocyte induced 
maturation protein-1) and Prmt5 (protein argi-
nine methyltransferase-5). BLIMP1 and PRMT5 
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complex mediates symmetrical methylation of 
histones H2A and H4 at arginine 3, which are 
involved in somatic differentiation programs and 
are thought to repress the HOX genes, resulting 
in widespread epigenetic modification leading to 
transcriptional repression [33]. In a recent study, 
Eckert and colleagues have detected BLIMP1, 
PRMT5, and arginine dimethylation of histones 
H2A and H4 in human male gonocytes at weeks 
12–19 of gestation, indicating a role of this 
mechanism in human fetal germ cell develop-
ment as well. Moreover, BLIMP1/PRMT5 and 
histone H2A/H4 arginine 3 dimethylation has 
been identified in ITGCN and most seminomas, 
while being downregulated in NSGCTs [34].

MicroRNA Regulation

Small non-coding regulatory RNAs have emerged 
as pivotal posttranscriptional modulators of gene 
expression and are involved in diverse processes 
of cell differentiation and development. In partic-
ular, microRNAs (miRNAs) and Piwi-interacting 
RNAs (piRNAs) are increasingly seen as impor-
tant elements in both gonadal development and 
spermatogenesis and their pathologies [35].

miRNAs are small non-coding RNAs (≈ 22 nt 
long) that act as potent modulators of gene ex-
pression by targeting 3′ UTR regions of mRNAs 
inducing their cleavage or translational repres-
sion [23]. Deregulation of miRNAs can affect the 
regulation of expression of mRNA targets, gen-
erating complex mechanisms of alterations with 
pathological consequences in testis development 
and function.

Recent studies have indicated that miRNA 
regulation may play a role in TGCTs develop-
ment. Oncogenic miRNA clusters miR-372 and 
-373 seem to contribute to testicular cancer de-
velopment by disabling the p53 pathway [36]. 
The cluster miR-17-92 may promote develop-
ment of tumors through prevention of apoptosis 
[37]. Expression of miR-372 has been detected in 
28/32 seminomas and 14/21 NSGCT with no ex-
pression in spermatocytic seminomas or normal 
testis. In NSGCT, miR-372 expression seemed 
to correlate with larger embryonal carcinoma  

component [36]. Quantitative reverse tran-
scriptase-PCR (qRT-PCR) studies have 
shown differential expression of several miR-
NAs between normal tissue and TGCTs [38]. 
miR-371–3 cluster is highly overexpressed in 
seminomas, embryonal carcinomas, and yolk sac 
tumors; miR-371–3 and -302a–d are the most dif-
ferentiating miRNAs between different TGCTs 
subgroups [39].

piRNAs are short RNA molecules (24–32 nt 
long) that are processed in a DICER/DROSHA-
independent manner and associated with PIWI 
proteins [23]. piRNA with PIWI proteins regu-
lates epigenetic (heterochromatin) and posttran-
scription (mRNA) events [40]. piRNA maintains 
germ cell function and stability of genome by si-
lencing transposable elements and interacts with 
DNA methylation during spermatogenesis [23]. 
Reduced piRNA expression with PIWI protein 
gene silencing by hypermethylation has been 
found in seminomas and NSGCTs [41].
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