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    4.1   Gross Anatomy of the Prostate: 
Clinical Importance 

 For several reasons, interest    in the anatomy of 
the prostate gland has been increasing during 
the last decade. The site of origin of a prostate 
cancer and its localization within the prostate 
gland may affect the diagnostic process and 
infl uence treatment considerations. Also the 
recent advent of focal therapy makes it more 
imperative to establish the exact localization 
and extent of the prostate cancer or cancers. For 
adequate pathological staging, it is important to 
have an understanding of the boundaries of the 
prostate, particular at its anterior border, at its 
apex where the prostate borders the skeletal 
muscle constituting the  striated or urethral 
sphincter and its proximal (bladder neck) border 
where the prostate merges with the detrusor 
muscle of the urinary bladder (Hammerich et al. 
 2009  ) . Finally, ongoing improvements in imag-
ing of the prostate also have led to a more thor-
ough analysis of the gross anatomy of the 
prostate gland. The offi cial anatomic terminol-
ogy of the prostate and its contiguous structures 
has been revised several times in the past, and 
current recommendations try to accommodate 
clinical concepts within an updated terminology 
(Myers et al.  2010  )  as highlighted in a recent 
authoritative and well- illustrated review of the 
topic (Walz    et al.  2010  ) . 

    T.  H.   Van der   Kwast, M.D., Ph.D., FRCPC   
     Department of Pathology ,  University Health Network 
and University of Toronto ,   Toronto ,  Canada   
 e-mail:  theodorus.vanderkwast@uhn.on.ca   

      Anatomo-Pathology       

     Theodorus   H.   Van der   Kwast      

  4



T.H. Van der Kwast40

    4.1.1   The Boundaries of the Prostate 

 The prostate is situated between the rectum at the 
posterior surface and smooth muscle fi bers origi-
nating from the outer, longitudinal detrusor mus-
cle of the bladder (detrusor apron) at its anterior 
surface (Figs.  4.1  and  4.2 ).   

    4.1.1.1   Denonvillier’s or Posterior 
Prostatic Fascia 

 The posterior surface of the prostate is demarcated 
by Denonvillier’s fascia, a continuous fi bromus-
cular layer that covers the posterior surface of 
the prostate enveloping the seminal vesicles. Its 
superior (cranial) part merges with the subperito-
neal connective tissue of the urinary bladder. 
Denonvillier’s fascia has previously been referred 
to as rectovesical septum, although this fascia is 
not really a septum and it is also not belonging to 
the rectum or bladder wall. More recently, 
Denonvillier’s fascia has been coined posterior 
prostatic and seminal vesicle fascia (Walz et al. 
 2010  ) . Current consensus is that Denonvillier’s 
fascia originates from the fusion of the two walls 
of the embryological peritoneal cul-de-sac, analo-
gous to the female rectovaginal septum, but these 
two layers cannot be distinguished during surgery 
(Lindsey et al.  2000  ) . Denonvillier’s fascia  consists 
of a single layer of fi brous tissue, loose connective 
tissue, and smooth muscle of variable caliber 
(Fig.  4.3 ). More laterally, the fascia becomes frag-
mented and disappears. The thickness of the fas-
cia is highly variable, becoming thinner at 
advancing age. When a surgeon performs an inter-
fascial or extrafascial dissection during prostatec-
tomy, the Denonvillier’s fascia will be visible in 
the pathology specimen. The latter dissections 
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  Fig. 4.1    Wholemount 
section of radical 
 prostatectomy specimen, 
with multifocal prostate 
cancer (marked by 
 dotted line ).  DA  detrusor 
apron,  PC  posterior 
commissure,  PZ  peripheral 
zone,  TZ  transition zone, 
 U  urethra. The index tumor 
is located in the posterior 
peripheral zone, and one 
small cancer is located in 
the transition zone of the 
anterior prostate       
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  Fig. 4.2    Schematic drawing of the main structures of the mid 
prostate and its surroundings. The rectal fascia ( 5 ) is separated 
from Denonvilliers fascia ( 4 ) by the mesorectal plane. Legend: 
 1  = dorsal vascular complex,  2  = detrusor apron,  3  = levator ani 
skeletal muscle,  4  = Denonvilliers fascia,  5  = rectal fascia, 
 6  = rectal wall,  7  = anterior fi bromuscular stroma,  8  = transi-
tion zone,  9  = anterior horn of peripheral zone,  10  = ejacula-
tory duct, and  11  = peripheral zone (posterior)       
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have an optimal oncological outcome, because 
Denonvillier’s fascia is adherent to the prostate at 
its mid portion. Further, prostate cancers rarely if 
at all extend beyond Denonvillier’s fascia (Villers 
et al.  1993  ) . To preserve the  neurovascular bundle 
as good as possible, an intrafascial dissection may 
be chosen, obviously with an increased risk of 
prostate incision (Walz et al.  2010  ) .   

    4.1.1.2   The Endopelvic Fascia 
and Pubovesical Ligaments 

 On the anterior (ventral) aspect of the prostate is 
the “endopelvic fascia,” representing a sheet of 
tissue of variable thickness covering the prostate 
from its base to the apex, while extending later-
ally and inferiorly toward the pubic bones of the 
symphysis, where it connects with and is rein-
forced by the fi bers of the puboprostatic or pub-
ovesical ligaments (Myers et al.  2010  ) . The latter 
contains fi brous tissue but also smooth muscle of 
longitudinal detrusor muscle origin. The compo-
sition and structure of the endopelvic fascia can 
display much individual variation. 

 Cross sections of a prostatectomy at the mid 
prostate at the site of the verumontanum (semi-
nal colliculus), harboring the orifi cium of the 
ejaculatory ducts show at its anterior surface a 
mixture of bundles of smooth muscle (detrusor 

apron), skeletal muscle, likely an extension of 
the levator ani and fi broadipose tissue, adhered 
to the prostate at the midline to the anterior 
 fi bromuscular septum or anterior commissure 
(Fig.  4.2 ). More anterior, adipose tissue may be 
present, containing the veins and arteries of the 
dorsal vascular complex (Fine et al.  2007 ; Myers 
et al.  2010  ) . The anterior fi bromuscular septum, 
separating the left and right halves of the pros-
tate varies in thickness and merges impercepti-
bly with the extraprostatic tissue in the midline 
(Fig.  4.2 ). As a consequence, it may be challeng-
ing for the pathologist to determine the presence 
of extraprostatic extension of an anterior local-
ized adenocarcinoma (Fine et al.  2007 ; Magi-
Galluzzi et al.  2011  ) . More lateral, adipose tissue 
may occasionally be present between the pros-
tate and the endopelvic fascia, facilitating the 
identifi cation of extraprostatic extension of an 
anterior carcinoma.  

    4.1.1.3   The Inferior Boundary 
of the Prostate 

 The prostate apex represents the site where the 
intermediate or membranous part of the urethra 
exits the prostate. This part of the urethra is sur-
rounded by the external urethral sphincter com-
posed of thin caliber skeletal muscle fi bers. The 
external urethral sphincter is a distinct muscular 
structure, separated from the pelvic fl oor muscu-
lature by a thin fi brous layer (Stolzenburg et al. 
 2007  ) . The sphincter is horseshoe-shaped, with 
only collagenous and elastic fi brous tissue poste-
riorly. Historically, the terminology of urogenital 
diaphragm was used to describe the external stri-
ated urethral sphincter, but this was shown to be 
an artifact of cadaveric dissection (Myers et al. 
 2010  ) . Cross sections of the prostate apex of a 
radical prostatectomy specimen show an inter-
mixture of benign prostatic glandular tissue 
with skeletal muscle fi bers at the anterior part of 
the specimen, obfuscating a clear demarcation 
between prostate and sphincter tissue. For this 
reason, extension of a carcinoma between skele-
tal muscle fi bers of the apex is not considered a 
manifestation of extraprostatic extension.   

  Fig. 4.3    Section of posterior margin of the prostate, dis-
playing Denonvilliers fascia ( DF ) with small bundles of 
smooth muscle ( arrows ) embedded in fi brous tissue of low 
cellularity. Here, Denonvilliers fascia is separated from the 
outer prostate by a thin layer of loose connective tissue       
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    4.1.2   Prostate Lobes 

 Clinically, during digital rectal examination, a 
lobulation of the prostate may be noted. This lob-
ulation of the prostate may be the consequence of 
(1) an anatomic phenomenon, that is, the indenta-
tion of the rectal surface, and (2) the preferential 
growth of the transition zone in elder men, com-
monly referred to as benign prostatic hyperplasia 
(Myers et al.  2010  ) . The degree of the furrow of 
the rectal surface of the prostate was found to be 
dependent on the closeness of the ejaculatory 
ducts to the posterior surface of the prostate. 
Thus, anatomic variations of the localization of 
the ejaculatory ducts may contribute to the out-
side appearance of the prostate. In the mid-poste-
rior urethral position, benign prostate hyperplasia 
may result into median lobe hyperplasia, also 
known as Home’s lobe, protruding as a ball valve 
into the bladder lumen just inferior to the trigone. 
Rarely, a discrete midline anterior benign pros-
tate hyperplastic lobule may be seen mid anterior 
at the bladder neck. Another cause of a lobular 
appearance may be the development of a nodule 
as the consequence of a carcinoma. Although the 
vast majority of contemporary carcinomas do not 
present themselves as a nodule, prostate cancers 
identifi ed by positive digital rectal examination 
are pathologically advanced in over 50% of men 
(Gosselaar et al.  2008  ) .  

    4.1.3   McNeal’s Four Prostate Regions 

 In 1988, McNeal proposed a model of zonal anat-
omy of the prostate gland, abolishing the previ-
ous concept of a lobular organization of the gland 
structure (McNeal  1988  ) . In his model, the pros-
tate is divided into four regions, that is, (1) the 
anterior fi bromuscular stroma, (2) the central, (3) 
the transition, and (4) the peripheral zone 
(Figs.  4.1  and  4.2 ). 

    4.1.3.1   The Anterior Fibromuscular 
Stroma 

 The anterior fi bromuscular stroma represents 
dense fi bromuscular tissue, stretching between 
the anterior part of the urethra to the outer anterior 

margin of the prostate, merging with the internal 
sphincter of the bladder neck and with the striated 
muscle of the external sphincter at the apex. The 
distal (apex) portion of the anterior fi bromuscular 
stroma is rich in striated muscle and is important 
in voluntary sphincter function, whereas in its 
more superior end, smooth muscle becomes a 
dominant feature with an important role in invol-
untary sphincter functions (Hammerich et al. 
 2009  ) . The anterior fi bromuscular stroma contains 
few if any prostatic glands. Maintenance of its 
integrity may be important for the outfl ow resis-
tance of urine.  

    4.1.3.2   The Central Zone 
 The central zone is a cone-shaped area between 
the ejaculatory ducts and the bladder neck, situ-
ated posterior to the ascending prostatic urethra. 
Histologically, the prostatic glands in the central 
zone have a distinct and more complex architec-
ture often with cribriform and papillary features 
as compared to those in the other zones. For 
pathologists, it is important to recognize central 
zone glands, because their nuclear features may 
resemble high-grade prostatic intraepithelial 
neoplasia (H-PIN), a precursor lesion of pros-
tate cancer (Bostwick et al.  2004  ) . Confusingly, 
radiologists may occasionally refer to “central 
gland” when actually describing the combined 
periurethral transition and central zone, while 
they usually do not separately report on the 
“central zone.”  

    4.1.3.3   The Transition and Peripheral 
Zone 

 The transition zone is mainly located lateral and 
anterior of the urethra (Figs.  4.1  and  4.2 ) and may 
be separated from the peripheral zone by a band 
of denser fi bromuscular stroma, that is, the poste-
rior commissure (Myers et al.  2010  ) . The largest 
amount of peripheral zone tissue is at the inferior 
(apex) and posterior part of the prostate, but it 
extends as the lateral horn of the peripheral zone 
to the anterior part of the prostate. Thus, the ante-
rior prostate comprises both a peripheral zone 
(lateral) and transition zone (mediolateral) com-
ponent, as well as the midline anterior fi bromus-
cular stroma (Fine et al.  2007  ) . It should be noted 
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that the defi nition of the anterior region, e.g., 
anterior to the urethra (Bott et al.  2002  ) , varies 
among authors.   

    4.1.4   Prostate Zones and Cancer 

 About 70% of prostate cancers originate in the 
peripheral zone, most of them at a posterior or 
posterolateral localization (McNeal  1988  ) . This 
coincides with the frequent occurrence of the can-
cer precursor H-PIN in the peripheral zone and its 
much rarer occurrence in the transition zone 
(Bostwick et al.  2004  ) . In several patient series, it 
was shown that, in spite of signifi cantly higher 
PSA levels as well as greater tumor volume when 
compared with those of peripheral zone cancers, 
tumors from the transition zone showed similar 
biochemical cure rates following radical prostate-
ctomy (Van der Kwast et al.  2011  ) . This would 
suggest a less aggressive phenotype for transition 
zone cancers when compared to tumors from the 
peripheral zone, but contradictory fi ndings have 
also been reported. Augustin et al.  (  2003  )  reported 
that the zonal location was not an independent 
prognostic factor on multivariate analysis. 

 The determination of the zonal origin of 
 prostate carcinoma by the pathologist is more 
challenging on standard quadrant sections of pro-
statectomy specimens when compared to whole-
mount sections (Fine et al.  2007  ) . Often a prostate 
cancer involves both the peripheral and transition 
zone, and presence of histological features typi-
cal for some of the transition zone cancers and/or 
the presence of the largest proportion of a carci-
noma in the transition zone might occasionally 
provide an argument that the tumor has arisen 
within the transition zone.   

    4.2   Microscopic Anatomy 
of the Prostate 

 Histologically, the prostate glands and ducts in all 
zones share a similar cellular composition; they 
are lined by an inner layer of luminal or secretory 
cells and an outer rim of basal cells. Each of the 
three anatomically distinct zones of the prostate 

has its own set of periurethral main prostatic 
ducts. Their lining often displays a hyperplasia of 
basal cells, and here the luminal cells may display 
a more columnar (ductal) appearance (Pickup and 
Van der Kwast  2007  ) . The periurethral ducts give 
off branches, with tributaries adopting the epithe-
lial morphology of prostatic acini as they progress 
upstream from the urethra. Here, the ducts and 
acini are no longer distinguishable. Interspersed 
within the glandular lining of the ducts and acini 
are the neuroendocrine cells which secrete regula-
tory neuropeptides. Only the luminal cells express 
prostate-specifi c antigen, which is under andro-
gen regulation. Androgen receptors can be found 
in the nuclei of luminal cells and fi bromuscular 
stromal cells (Fig.  4.4 ), whereas the neuroendo-
crine cells and most of the basal cells lack andro-
gen receptors (Krijnen et al.  1993  ) .  

    4.2.1   Prostate Zones: Age-Related 
Microscopic Changes 

 Although morphologically the peripheral and tran-
sition zone show a strong resemblance, expression 
array studies have shown consistent differences in 
expression patterns (Van der Heul-Nieuwenhuijsen 
et al.  2006  ) . There are also physiological differ-
ences, which become manifest during aging 
and under conditions of androgen deprivation 

  Fig. 4.4    Microscopic image of prostate tissue immunos-
tained for PSA ( red    ) and androgen receptor ( brown ).  Blue  
nuclei are unstained. Both stromal cells ( arrows ) and PSA-
positive luminal cells are positive for androgen receptor, 
while basal cells are negative for androgen receptor       
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(see Sect.  4.2.2 ). In aging men, hyperplasia of both 
the glandular and/or fi bromuscular component 
occurs almost uniquely in the transition zone. 
Infarctions do also occur more frequently in the 
transition zone of the prostate, particularly in 
enlarged prostates due to benign prostate hyper-
plasia (Brawn et al.  1994  ) . In comparison with the 
transition zone, the peripheral zone is more often 
subject to glandular atrophy. Aging-related atro-
phy as seen in the peripheral zone mostly has a 
focal distribution. Various histological forms of 
atrophy may coexist, including partial atrophy, 
cystic atrophy (Fig.  4.5 ), sclerotic atrophy, and 
hyperplastic atrophy or postatrophic hyperplasia. 
It was recently shown that partial atrophy and focal 
atrophy are generally not associated with chronic 
infl ammation (Billis et al.  2010  ) . Some postulated 
mainly on the basis of circumstantial evidence that 
chronic infl ammation associated with glandular 
atrophy, that is, postinfl ammatory atrophy, is a 
condition underlying the subsequent development 
of cancer (De Marzo et al.  2004  ) , but evidence for 
this view is inconclusive.   

    4.2.2   Androgen Deprivation-Induced 
Changes 

 It is well-established that long-term use of aro-
matase inhibitors, such as Dutasteride, leads to an 
average reduction in prostate gland volume by 
17.5% after 2 years, mainly attributed to its effect 

on BPH (Andriole et al.  2010  ) . Microscopic 
changes of the normal tissues during long-term 
administration of aromatase inhibitors have not 
been described. This is in contrast to the pro-
nounced effects of antiandrogens and lutein hor-
mone releasing hormone agonists. After androgen 
deprivation to castration levels, the entire prostate 
will shrink in size to about 80% of the original size 
within 3 months of treatment. This reduction in 
volume is associated with a profound remodeling 
of the prostate tissue (T ê tu et al.  1991  ) . This 
remodeling is different for the peripheral and tran-
sition zone of the normal prostate: in the periph-
eral zone, a general atrophy of prostatic glands is 
noted, that is, fl attening of the luminal cells resting 
on a single conspicuous layer of cuboid basal cells, 
while the glands lose their infoldings and they 
have a more fl attened appearance. In contrast, the 
transition zone glands display more prominent 
basal cell hyperplasia, and the glands become 
smaller and more rounded. Castration-level andro-
gen deprivation is also causing periprostatic fi bro-
sis, which may impact surgery in case of the now 
obsolete neoadjuvant therapy for more advanced 
prostate cancer (T ê tu et al.  1991  ) .   

    4.3   Precursor Lesions of Prostate 
Cancer (H-PIN) 

 A few histopathologically distinct glandular pro-
liferations have in the past been proposed as a 
precursor lesion for prostate cancer. They include 
H-PIN, atypical adenomatous hyperplasia (ade-
nosis), and intraductal carcinoma of the prostate 
(IDC-P). Only H-PIN is now commonly recog-
nized as a true prostate cancer precursor lesion, 
while the jury is still out for IDC-P and adenosis 
is now considered an unlikely prostate cancer 
precursor. 

    4.3.1   High-Grade Prostatic 
Intraepithelial Neoplasia 

 H-PIN is the term used to denote the presence of 
dysplastic features in the luminal cells lining pro-
static glands or ducts, while retaining the antecedent 

  Fig. 4.5    Microscopic image of prostate glands showing 
cystic atrophy, adjacent to normal prostate glands at the 
 right        
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architecture of benign glands (Fig.  4.6 ). The hall-
mark of H-PIN is the presence of prominent 
nucleoli in cells lining prostatic glands or ducts 
with a luminal (but not basal) cell morphology 
and location (Bostwick et al.  2004  ) . Montironi 
et al.  (  2005  )  reported that H-PIN was found in 
association with invasive carcinoma in 70% of 
cystoprostatectomy specimens with an incidental 
prostate cancer and in 50% of specimens without 
prostate cancer. Because of this association of 
H-PIN with carcinoma, their similarity in cytonu-
clear features, their close spatial association in the 
prostate, and shared specifi c genetic changes, 
H-PIN is considered as precursor for prostate can-
cer (Epstein  2009  ) . It remains, however, unclear 
which proportion of H-PIN actually progresses 
over time to invasive prostate cancer.   

    4.3.2   Intraductal Carcinoma 

 Intraductal carcinoma of the prostate (IDC-P) is a 
histopathologically distinctive entity character-
ized by malignant cells expanding the lumen of 
prostatic ducts and acini, while at least a partial 
rim of basal cells continues to be present (Guo 
and Epstein  2006 ; Pickup and Van der Kwast 
 2007  ) . IDC-P is commonly associated with con-
ventional acinar prostatic adenocarcinoma, but in 
rare cases, IDC-P may be predominant (Fig.  4.7 ) 

or even lacking an invasive component (Robinson 
and Epstein  2010  ) . Originally, it was considered 
most likely that IDC-P represents the intraductal 
spread of frankly invasive carcinoma, but the 
possibility that it could represent a prostate can-
cer precursor was also entertained (Kovi et al. 
 1985 ; McNeal and Yemoto  1996  ) . Particularly, 
the occasional fi nding of an extensive IDC-P with 
no or limited invasive carcinoma would be in 
line with the view that IDC-P could represent a 
 precursor lesion, developing from a subset of 
H-PIN. Mostly, IDC-P can be reliably distin-
guished by pure morphological criteria from 
H-PIN, mainly based on the fi lling up and disten-
sion of the lumen by the dysplastic cells in IDC-P 
(Guo and Epstein  2006  ) .  

 Several studies have reported that IDC-P repre-
sents an independent prognosticator for early bio-
chemical recurrence after radical prostatectomy 
(McNeal and Yemoto  1996 ; O’Brien    et al.  2011  ) .   

    4.4   Prostate Cancer 

 Prostate cancer is a very common fi nding in elder 
men, and its clinical course is highly variable 
with most cancers running an indolent course. 
The histopathological features of prostate cancer 
and its spatial extension have been shown to 

  Fig. 4.6    Micrograph showing H-PIN at the  right  and 
benign glands  upper left . H-PIN maintains the normal 
glandular architecture, but its cytoplasm is more baso-
philic. The  inset  illustrates the prominent nucleoli which 
are a hallmark of H-PIN       

  Fig. 4.7    Low-power micrograph of an extensive intra-
ductal carcinoma of the prostate immunostained for alpha-
methyl coenzyme A ( red ) racemase and the basal-cell 
marker high-molecular weight keratin ( brown ). Glands 
and ducts are distended by large numbers of neoplastic 
cells ( red ), but remain lined by basal cells ( brown )       
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be the strongest predictors of their behavior, as 
well as surgical margin status after radical 
prostatectomy. 

    4.4.1   Types and Variants 
of Adenocarcinoma 

 Apart from the vast majority of conventional aci-
nar adenocarcinomas, separate types of prostate 
cancer may occasionally be identifi ed as well. 
The latter may reveal a different behavior, or 
they may occur as a consequence of earlier treat-
ment for prostate cancer. Variants of prostate 
cancer belong to the group of conventional aci-
nar adenocarcinoma, and their description is of 
diagnostic help for the pathologist, and they also 
may have a distinct clinical behavior. As of yet, 
molecular typing has not led to the identifi cation 
of distinct genotypes of prostate cancer with a 
clearly distinct morphologic counterpart. This 
stands in contrast to fi ndings in, e.g., breast 
cancer. 

    4.4.1.1   Conventional Acinar 
Adenocarcinomas and Its Variants 

 Conventional acinar adenocarcinoma is the most 
common type of prostate cancer, representing 
over 95% of cancers. This type of adenocarci-
noma displays a remarkable morphologic hetero-
geneity, which may coexist within the same tumor 
focus. Most common is the formation of small-
to-medium-sized glands, but these glands may 
fuse or form cribriform or ragged sheets of cells. 
These architectural patterns are refl ected in the 
histopathological grading of the conventional 
acinar adenocarcinomas. Variants of conventional 
acinar adenocarcinoma are mucinous or colloid 
carcinoma, the more rare signet ring cell carci-
noma, lymphoepithelioma-like carcinoma, and 
the sarcomatoid variant (carcinosarcoma), as well 
as the pseudohyperplastic and atrophic variants 
(Grignon  2004  ) . The latter two may be a diagnos-
tic pitfall, particularly when encountered isolated 
in a prostate biopsy. Most of these variants occur 
in the context of a conventional acinar adenocar-
cinoma. The mucinous variant requires that at 

least 25% of the carcinoma displays a mucinous 
morphology (Epstein et al.  2004  ) . All variants 
follow essentially the same Gleason grading 
rules (see Sect.  4.2 ) as the conventional acinar 
adenocarcinomas.  

    4.4.1.2   Ductal Adenocarcinoma 
 Although in the current WHO classifi cation of 
prostate cancer, ductal adenocarcinoma is coined 
as a distinct type of prostate adenocarcinoma, 
some would consider it as a variant of the 
 conventional adenocarcinoma. Ductal adenocar-
cinoma as a dominant pattern accounts for a 
mere 0.2–0.8% of all prostate cancers (Grignon 
 2004 ; Yang et al.  2004  ) . They typically involve 
the large periurethral ducts and may become 
clinically manifest as an exophytic papillary 
mass in the prostatic urethra. Ductal adenocarci-
noma is, however, more frequently (in up to 3% 
of prostate cancer diagnoses) found as a minor 
component of conventional-type (acinar) adeno-
carcinoma. In >80% of prostatic ductal adeno-
carcinomas, an associated acinar adenocarcinoma 
is found, usually in close proximity to the ductal 
component. Consistent with the features of large 
periurethral duct epithelium (see Sect.  4.2 ), the 
columnar neoplastic cells form a pseudostrati-
fi ed epithelium, often lining papillary structures 
with true fi brovascular cores and their nuclei are 
mostly elongated or oval with often a single 
macronucleolus. Ductal adenocarcinoma can 
often be found extensively growing within pros-
tatic ducts with the morphology of intraductal 
carcinoma or even comedocarcinoma (Pickup 
and Van der Kwast  2007  ) .  

    4.4.1.3   Neuroendocrine Carcinoma 
 Poorly differentiated neuroendocrine carcinomas 
of the prostate may also be referred to as small cell 
or large cell (undifferentiated) carcinomas (Evans 
et al.  2006  ) , but the fi rst terminology is now pre-
ferred. Notably, neuroendocrine differentiation of 
scattered cells and small foci of neuroendocrine 
cells is a common phenomenon in conventional 
acinar adenocarcinoma (Krijnen et al.  1993  ) . In 
poorly differentiated neuroendocrine carcinoma, 
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large sheets of tumor cells, lacking glandular dif-
ferentiation, with large nuclear/cytoplasm ratio 
and hyperchromatic nuclei give the tumor a baso-
philic appearance. In about 50% of the cases, 
they are admixed with a conventional adenocarci-
noma (Grignon  2004  ) . Although still rare, they 
are more common in patients who have been 
treated with androgen deprivation. A metastatic 
origin from another body site must be excluded 
when the tumor occurs in its pure form. 
Immunohistochemistry is helpful to demonstrate 
its neuroendocrine differentiation, using antibod-
ies, e.g., against synaptophysin and chromogra-
nin A. They generally lack androgen receptors or 
PSA, whereas the lung/thyroid cancer marker 
TTF-1 is commonly positive (Evans et al.  2006  ) , 
but about 50% of them may overexpress the pros-
tate-specifi c marker ERG (Williamson et al. 
 2011  ) . Their clinical behavior is as aggressive as 
poorly differentiated neuroendocrine cancers 
from any other body site, whether in its pure form 
or admixed with conventional adenocarcinoma, 
and treatment is the same.  

    4.4.1.4   Other Rare Prostate Cancer Types 
 Other rare types of prostate cancer include a.o. 
basal cell carcinoma, squamous cell carcinoma, 
and adenosquamous carcinoma of the prostate 
(Grignon  2004  ) . Basal cell carcinomas also 
referred to as adenoid cystic carcinomas are extre-
mely rare. Some of them show features such as 
comedonecrosis typical of the aggressive basa-
loid carcinomas, and others have a more bland 
morphology. 

 Primary squamous cell carcinoma originating 
in the prostate is very rare, and propagation of a 
urothelial or squamous cell carcinoma derived 
from the urinary bladder or urethra should be 
excluded. By defi nition, squamous cell carcino-
mas do not contain glandular or urothelial 
 components, and they may originate from the 
periurethral glands or from the basal cells of 
 prostatic glandular acini differentiating into 
squamous cells. Adenosquamous carcinoma of 
the prostate is a carcinoma, composed of a blend 
of conventional adenocarcinoma and squamous 
cell carcinoma. About 50% of the reported ade-
nosquamous carcinomas occur in prostate cancer 

patients subsequent to androgen deprivation ther-
apy and/or radiotherapy. Both squamous and 
adenosquamous carcinomas tend to metastasize 
rapidly with a predilection for the bones.   

    4.4.2   Gleason Grading 
of Prostatectomy Specimens 

 The Gleason grading system, based on architec-
tural and not on cytonuclear features, continues 
to be the strongest prognosticator of prostate can-
cer (Eggener et al.  2011  ) . This system accounts 
for the heterogeneity of prostate cancer by identi-
fying fi ve grades on the basis of the tumor archi-
tecture, ranging from 1 (most differentiated) to 5 
(least differentiated). Grades 1 and 2 are typical 
of the transition zone with grade 1 now virtually 
obsolete (Epstein et al.  2005  ) . By adding the most 
dominant growth pattern (the primary Gleason 
pattern) to the next most dominant growth pattern 
(the secondary Gleason pattern), a nine-tiered 
total score of ascending aggressiveness from 2 to 
10 is obtained. Figure  4.8  displays the four fre-
quent, but distinct patterns of cancer constituting 
a grade 4 prostate cancer. When the high-grade 
(Gleason grades 4 or 5) component constitutes 
less than 5% of the cancer volume, it is not incor-
porated in the Gleason score (5% rule), but it will 
be reported as a tertiary grade. A meta-analysis 
by Harnden et al.  (  2007  )  has shown convincingly 
that presence of a tertiary grade 5 has an unfavor-
able prognostic impact. On the other hand, most 
studies have shown that a <5% grade 4 compo-
nent in an otherwise Gleason score 6 (3 + 3), 
 carcinoma does not adversely affect the progno-
sis. The biological behavior of a tumor is more 
related to the proportion of poorly differentiated 
(grade 4/5) components within the tumor (Vis 
et al   .  2007 ; Cheng et al.  2005  )  than the Gleason 
score itself, even if by current convention the 
very  heterogeneous Gleason score 7 category is 
subdivided in those with a dominant pattern 3, 
that is, Gleason score 7 (3 + 4), and those with a 
dominant pattern 4, that is, Gleason score 7 
(4 + 3). Table  4.1  gives an overview of the Gleason 
grades for the various types and variants of pros-
tate cancer.    
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    4.4.3   Staging of Prostatectomy 
Specimens 

 The objective of staging is to (1) group malignan-
cies which have an apparently similar prognosis 
so as to inform a uniform therapeutic approach, 
(2) assist clinical trials and research studies by 

defi ning homogeneous patient populations, and 
(3) promote the comparability of clinicopatho-
logic data from multiple hospitals and research 
groups. 

 In general, pathologic (sub)staging of tumors 
should maintain symmetry with clinical (sub)
staging, thus allowing direct comparison of 

b

c d

a

  Fig. 4.8    The heterogeneity of Gleason grade 4 prostate cancer is displayed in these four micrographs: small glandular 
nests and strands ( a ), large fused glands ( b ), small fused glands ( c ), and large cribriform structures ( d )       

   Table 4.1    Types and variants of prostate cancer and Gleason grade   

 Type or variant  Gleason grade 

 Type  Ductal adenocarcinoma  Grade 4, if comedonecrosis grade 5 
 Basal cell or adenoid cystic  Not applicable 
 Squamous or adenosquamous  Not applicable 
 Poorly differentiated neuroendocrine  Not applicable 

 Variant  Mucinous a   Often grade 4 
 Pseudohyperplastic a   Mostly grade 3 
 Foamy gland a   Mostly grade 3 
 Atrophic  Grade 3 
 Sarcomatoid  Grade 5 
 Signet ring cell  Grade 5 

   a For these variants, the Gleason grade is determined by the architecture of the glandular neoplastic cells  
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cases. The 2010 TNM system distinguishes 
organ- confi ned (pT2) and non-organ-confi ned 
prostate cancers (pT3a,b/pT4) to describe the 
extent of prostate cancer in a radical prostatec-
tomy specimen (International Union Against 
Cancer (IUCC)  2009  ) . 

    4.4.3.1   Stage pT2 Prostate Cancer 
 Organ-confi ned prostate cancers are stage pT2, 
which means they are within the confi nes of the 
prostate, including its outer fi bromuscular border. 
Substaging of pT2 cancers is now optional, given 
its lack of clinical and academic value (Van der 
Kwast et al.  2011  ) . Although clinical substaging 
of cT2 prostate cancer has clinical value, they do 
not correspond with the pathological substages.  

    4.4.3.2   Stage pT3a Prostate Cancer 
 Extraprostatic extension can be diagnosed 
unequivocally when tumor is in contact with adi-
pose tissue, but also in the posterolateral area 
extraprostatic extension can be determined when 
tumor is within loose connective tissue or perineu-
ral spaces of the neurovascular bundles even in the 
absence of adipocytes. Extraprostatic extension 
may also be recognized as a distinct tumor nodule 
within desmoplastic stroma that bulges beyond 
the normal contour of the gland (Magi-Galluzzi 
et al.  2011  ) . In the apex, benign glands are fre-
quently admixed with striated muscle in the apex, 
and as a consequence, the fi nding of malignant 
glands within striated muscle does not represent 
extraprostatic extension. Further, in the current 
era of bladder-preserving prostatectomy, invasion 
into the bladder neck is no longer considered as 
stage pT4, but instead pT3a (Aydin et al.  2004  ) . 

 At the anterior fi bromuscular stroma, the pros-
tate blends in with extraprostatic smooth muscle, 
and here, extension beyond the prostate contour 
or adipose tissue at the sides (Bouyé et al.  2009  )  
should help determine the presence of extrapros-
tatic extension (Figs   .  4.9  and  4.10 ). Since in con-
temporary series, at least 50% of patients with 
extraprostatic extension at radical prostatectomy 
do not show tumor progression over a 10-year 
follow-up period, ways to improve the prognosti-
cation of extraprostatic extension were examined 
(Magi-Galluzzi et al.  2011  ) . Accordingly, focal 

extraprostatic extension as opposite to established 
or extensive extraprostatic extension has been 
defi ned as the presence of a few extraprostatic 
glands or 1 or 2 high-power fi elds in one or maxi-
mum two levels (Fig.  4.10 ). Each of these catego-
rizations has prognostic signifi cance, to the effect 
that focal extraprostatic extension has the same 
risk of progression as organ-confi ned prostate 
cancer.    

AFMS

T

T

T

T

TZ

  Fig. 4.9    Upper right quadrant section of prostatectomy 
specimen with a larger anterior cancer ( T ) of the transition 
zone ( TZ ), penetrating the anterior surgical margin ( short 
arrow ). The  long arrow  indicates the plane separating the 
prostate from the anterior extraprostatic tissue. The tumor 
is adjacent to and infi ltrates the anterior fi bromuscular 
stroma ( AFMS )       

FC

  Fig. 4.10    A few tumor glands ( arrows ) are found at the 
level of fat cells ( FC ), indicating focal extraprostatic 
extension       
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    4.4.3.3   Stage pT3b Prostate Cancer 
 Seminal vesicle invasion as defi ned by the 
invasion of the muscular wall of the extrapros-
tatic seminal vesicles (stage pT3b) conveys a 
highly unfavorable prognosis. The carcinoma 
can invade the seminal vesicles by (1) spread-
ing along the ejaculatory duct and/or by direct 
invasion at the base of the prostate and/or 
(2) by extending into periseminal vesicle soft 
tissue and then into the wall of the seminal 
vesicle. Rarely, discontinuous metastases in 
blood vessels can here be found as an isolated 
fi nding (Berney et al.  2011  ) . As for the latter, 
there is no consensus whether to consider this 
as pT3b stage.  

    4.4.3.4   Stage pT4 Prostate Cancer 
 The designation of stage pT4 in a prostatectomy 
specimen is highly restricted  now: pT4 urinary 
bladder neck involvement by prostatic carcinoma 
includes only prostate cancer with gross or radio-
graphic extension into the bladder neck. It is 
allowable to assign a pT4 stage associated with 
radical prostatectomy if an associated biopsy of 
urinary bladder, rectum, or pelvic side wall is 
positive for prostatic carcinoma that is directly 
invading these structures, as assessed by clinical 
and/or radiological means (Magi-Galluzzi et al. 
 2011  ) . Positive surgical margin at the bladder 
neck does not constitute stage pT4 cancer, but 
is reported as pT3a margin positive cancer 
(Buschemeyer et al.  2008  ) .   

    4.4.4   Surgical Margins 

 Approximately 10–35% of radical prostatectomy 
specimens are reported to have positive surgical 
margins on pathologic evaluation. Biochemical 
progression free survival for men with surgical 
margin positivity on radical prostatectomy is 
about 60% as compared to 80% in patients with 
negative surgical margin (Ohori et al.  1995 ; 
Cheng et al.  1999  ) . Most investigators have been 
able to confi rm the independent prognostic 
impact of this parameter in multivariable  analyses 
(Tan et al.  2011  ) . 

    4.4.4.1   Defi nition of Positive Margins 
 As for surgical margins, tumor cells should really 
be in contact with ink in order to consider the 
margin positive. In a study of 278 margin-nega-
tive radical prostatectomy cases, Emerson et al. 
 (  2005  )  found that the closest distance between 
tumor and resection margin, which ranged from 
0.02 to 5 mm, did not signifi cantly predict PSA 
recurrence in univariate or multivariate logistic 
regression analysis and concluded that routine 
pathologic reporting of this distance was not 
required. This is in line with the fi nding of Epstein 
 (  1990  )  that a close margin (i.e., <0.1 mm) should 
not be designated as positive surgical margin 
since this would not impact the prognosis. Also, 
lacerations in the capsule should be accounted 
for as they may cause a false-positive diagnosis 
of positive margins (Chuang and Epstein  2008  ) , 
even though tumor cells may be covered by ink at 
these sites due to leakage (Fig.  4.11 ). Similarly, 
presence of tumor cells in the outer surface of the 
specimen,  not  covered by ink should in general 
not be considered as  evidence for a positive 
margin.   

    4.4.4.2   Location and Extent of Positive 
Surgical Margin 

 Published reports on the impact of location of 
positive surgical margins on outcome have been 

  Fig. 4.11    A laceration into the prostatic tissue. Although 
tumor cells are here in contact with the ink, this may not 
be considered as a true positive margin       
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confl icting (Tan et al.  2011  ) . Several studies have 
shown that the extent of tumor at the surgical 
margin correlates with postoperative disease 
recurrence, but a large study by Stephenson et al. 
 (  2009  )  demonstrated that neither location nor 
extent of positive margin improved the predictive 
accuracy of a nomogram compared to one in 
which surgical margin status was modeled as 
positive versus negative.   

    4.4.5   Anterior Prostate Cancers 

 Transition zone cancers particularly when in an 
anterior location tend to be detected late, since 
they are generally not targeted by the standard 
biopsy scheme which focuses mainly on the can-
cers in the posterior location (Bott et al.  2002  ) . 
Often, they have reached a large size and/or 
transformed into an aggressive higher-grade can-
cer before their detection, and under these cir-
cumstances, there is a greater risk of a positive 
margin and biochemical failure when prostatec-
tomy is performed (Fig.  4.9 ). Anterior prostate 
cancers are not uncommon, with about 35% of 
the anterior prostate cancers originating from the 
anterior horn of the peripheral zone, thus repre-
senting peripheral zone carcinomas (Al-Ahmadie 
et al.  2008  ) . 

 The recently proposed term acronym PEATS 
(i.e., prostatic evasive anterior tumor syndrome) 
alludes to the phenomenon of anterior cancers 
detected at a stage too advanced to be cured 
(Lawrentschuk et al.  2010  ) . It is obvious that 
in patients enrolled in an active surveillance pro-
gram, it remains a challenge to identify the pres-
ence of these hidden aggressive anterior tumors. 
Magnetic resonance imaging guided biopsies 
 targeting anterior zone abnormalities play an 
increasing role in this clinical setting.  

    4.4.6   Multifocality and Index Tumor 

 Multifocality of prostate cancer (Fig.  4.1 ) is very 
common, with 2–5 tumors of variable size found 
in 80% of prostatectomy specimens (Wise et al. 

 2002  ) . The concept of an index or dominant 
tumor was derived from the Stanford group who 
measured the volume of the largest tumor nodule 
in wholemount sections and demonstrated its 
independent clinical signifi cance (Stamey et al. 
 1999  ) . The advancement of focal therapy for 
treatment of prostate cancer has made this con-
cept more relevant, but it has been challenged in 
the past on two grounds. Firstly, several subse-
quent studies have failed to demonstrate the inde-
pendent prognostic signifi cance of the tumor 
volume (Wolters et al.  2010  )  and secondly 
because the dominant nodule does not always 
represent the component of tumor having the 
highest Gleason score or the most advanced path-
ological stage (Andreoiu and Cheng  2010  ) . 
Conversely, other features may infl uence the clin-
ical importance of the individual tumor foci, and 
in particular, pT category and Gleason grade/
score may need to be included in the defi ning 
characteristics. Thus, in a clinical setting in case 
of a multifocal cancer, the index tumor would 
represent the tumor with the worst prognostic 
features.  

    4.4.7   Tumor Volume and Insignifi cant 
Cancer 

 Although the prognostic signifi cance of quantita-
tion of prostate cancer volume and the proportion 
of prostate gland tissue involved by carcinoma is 
not disputed, few studies were able to provide evi-
dence that parameters refl ecting prostate  cancer 
volume are of signifi cance independent of Gleason 
score, pathological stage, and surgical margin sta-
tus (Van der Kwast et al.  2011  ) . Nevertheless, a 
cutoff of the index tumor volume of 0.5 ml is 
included in the current defi nition of a clinically 
signifi cant prostate cancer, that is stage pT2, 
Gleason score 6 (3 + 3) and volume of index tumor 
<0.5 ml (Epstein et al.  1994  ) . This <0.5 ml TV 
threshold is based on incidentally detected PC in 
a single radical cystoprostatectomy series, pub-
lished by Stamey et al.  (  1993  )  based on a 8% life-
time risk to be diagnosed with clinically  signifi cant 
PC. It was recently validated on an independent 
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dataset, yielding the same volume threshold, if 
Gleason score and pathological stage were not 
taken into account (Wolters et al.  2011  ) . 

 Imaging technology is now making such prog-
ress that visualization of most prostate cancers of 
a volume in the order of 0.5 ml is possible. It 
should be noted, however, that a potential limita-
tion of imaging is the failure to identify “sparse” 
tumors, which contain less than 50% of cancer 
glands in their cross-sectional areas (Langer et al. 
 2008  ) . This may cause an underestimation by 
magnetic resonance imaging of the actual tumor 
volume of some cancers. On the other hand, it 
remains unclear, whether these sparse tumor 
areas are clinically relevant (Ayala et al.  2011  ) . It 
is envisaged that, in the future, further advances 
in imaging techniques will result in more accu-
rate clinical estimations of the volume of the 
index tumor. This might reinforce the clinical 
rationale for incorporating a size-related staging 
parameter into pathological reporting of prostate 
cancers.   

    4.5   Concluding Remarks 

 As refl ected in this chapter, much progress has 
been made in recent years in the understanding of 
the complex anatomy of the prostate and the 
appreciation of its considerable individual varia-
tion particularly with regard to its anterior and 
posterior boundaries. It is also becoming clearer 
that continuous efforts in the past to reconcile 
anatomic and clinical terminology are now result-
ing into a more uniform terminology based on 
increasing consensus on the composition and ori-
gin of the various fascias and muscular structures 
bordering the prostate. This improved knowledge 
has led to more detailed pathological staging cri-
teria for prostate cancers. Consensus meetings of 
the International Society of Urologic Pathology 
held during the past few years have further led to 
a more standardized approach to grading, stag-
ing, and determination of margin status in pros-
tatectomy specimens, while resolving several 
staging-related issues of cancers extending into 
the bladder neck, the apex, and at the anterior 
boundary. Some molecular-pathologic evidence 

suggests that prostate cancers of the peripheral 
and transition zone are different, but for patholo-
gists an accurate zonal assignation of a prostate 
cancer can be challenging. As a consequence of 
the advancement of imaging in prostate cancer 
management, including active surveillance and 
the application of focal therapy for low-risk pros-
tate cancer patients, more attention is currently 
being paid to the clinicopathologic features of 
prostate cancers located in the anterior region of 
the prostate. Finally, awareness of the potential 
for overdiagnosis and overtreatment of prostate 
cancer continues to drive the search for improved 
pathological, molecular-genetic, and imaging 
parameters for diagnostic and prognostic pur-
pose. In this respect, recognition of the histologi-
cal heterogeneity of prostate cancer and its 
stromal composition, even within one Gleason 
grade might benefi t the development of imaging 
tools distinguishing aggressive from favorable 
prostate cancer. Clearly, the possibility to accu-
rately distinguish clinically low-risk from high-
risk prostate cancers continues to be an important 
fi eld of research in the years to come.      
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