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Abstract: Tumor staging of prostate cancer is a fundamental principle in management and therapy,
with a hallmark being tumor growth beyond the organ boundary. Often, this is referred to as
“capsule penetration”, suggesting the existence of a true prostatic capsule that would facilitate the
determination of tumor penetration. In fact, the prostate does not have a true capsule and, depending
on the anatomic area, it blends with the surrounding fibrous, adipose and muscular tissue. This
makes it sometimes difficult or impossible to unequivocally identify extraprostatic tumor extension. It
is necessary to appreciate this difficulty in order to better understand the significance of extraprostatic
tumor extension.
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1. Introduction

Prostate carcinoma (PCa) is the most common cancer in men, and the determina-
tion of the tumor extent in radical prostatectomy specimens is important for staging and
patient management [1]. One significant difference in pathological staging lies between
pT2 and pT3a, where the tumor growth is confined to the organ or extends beyond the
parenchymal margin (parenchyma, in this context, comprising the fibromuscular stroma
and the acini/ducts) into the surrounding connective/adipose tissue. This discrimination
is also important for clinical management [1]. Although this is well accepted, there are
challenges regarding the delineation of the organ margins, since the prostate does not
feature an organ-confining capsule. Although this fact is acknowledged in several studies
and consensus papers [2–4], the term “prostate capsule” contemporarily and repeatedly
appears in surgical pathology texts [5–7].

To clarify, an organ capsule is defined as a “capsula fibrosa”, which surrounds the
whole organ with connective tissue [2,8]. The capsule is useful for the mechanic stability of
the organ and exists, for example, in the kidney, the spleen and also in the lymph nodes [8].
The prostate is not surrounded by such a fibrous tissue enveloping the whole organ, a fact
already perceived by Ayala et al. in 1989 [2]. Standard reference textbooks for surgical
pathologists also acknowledge this fact but nonetheless keep the terminus “capsule” or
“prostatic capsule” [9,10]. The prostatic parenchyma, consisting of a fibromuscular stroma
with embedded glands, borders directly the surrounding connective tissue. Depending on
the anatomic region, this transition is not always clearly distinguishable and, furthermore,
individual differences exist. In the following sections, we will outline the histoanatomical
relationship with surrounding structures and organs, but also the implications of defining
the organ margins and, with it, the tumor stage. We will further discuss the assessment of
the quantity of extraprostatic tumor growth and its potential clinical implications. Thereby,
we hope to raise awareness of the complexity in defining the prostate organ margin and
the set of problems arising from simplifying it as a capsule.

The prostate is located in the small pelvis underneath the bladder and in between the
symphysis and the rectum [8], surrounded by adipose and connective tissue containing
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nerves and vessels, all enclosed in several fascial structures [5]. Detailed descriptions
and accurate schematic drawings can also be found in three very thorough articles by
Walz et al. and Hoeh et al. [5,6,11]. For anatomical descriptions, we use terms according to
“terminologia anatomica” or similar to the cited literature if we believe this to be necessary
for comprehension [12].

2. Materials and Methods

The slides used in this article were obtained during the routine diagnostic workup of
radical prostatectomy specimens submitted to our pathology department. They were stained
with hematoxylin and eosin (H&E) according to standard procedure. No personal patients’
data are used in this article. For language editing, we used ChatGPT (20 July 2023 Version).

3. The Base and Anterior Surface of the Prostate

Cranially, at the base, the prostate is part of the neck of the bladder. Here, several
anatomic structures, such as the detrusor vesicae, the male internal urethral sphincter
and, of course, the prostate parenchyma, blend with each other [5,6,11]. Muscle fibers of
the external longitudinal layer of the detrusor vesicae span over the prostate anteriorly
and posteriorly [5,6,11]. Anteriorly, they form the detrusor apron and contribute to the
pubovesical/puboprostatic ligaments, which stretch from the posterior pubic bone to
the bladder and the neck of the bladder but are also attached to the ventral prostate [5].
These structures are ventrally covered by the visceral pelvic fascia and together they fuse
in the midline with the prostate fibromuscular stroma [5,6]. The anterolateral zone is
formed of adipose connective tissue filling the space between the prostate parenchyma
and the visceral endopelvic fascia [5]. Determining extraprostatic tumor growth in this
area may be simple, where malign glands lying in adipose tissue can be easily appreciated.
However, it is more difficult in the midline, where the fibromuscular parenchyma blends
with the fibrous tissue of the detrusor apron and visceral endopelvic fascia. In the absence
of adipose tissue, anticipation of the normal parenchymal margin based on the adjacent
contour might be a feasible approach to determine extraprostatic tumor growth [3,4]. At
the bladder neck, the vesical outlet joins into the prostate [5]. There, the fibromuscular
tissue blends with the detrusor muscle and the prostatic boundary may be difficult to
discern (Figure 1a) [5]. However, invasion into smooth muscle bundles clearly representing
the detrusor muscle of the bladder neck is staged similarly to extraprostatic extension
(Figure 1b) [3]. It is important to note that this must not be seen as infiltration in an adjacent
organ (bladder) [3].

Figure 1. (20×, H&E staining): (a) The fibromuscular stroma between peripheral acini (triangle) and
detrusor muscle (cross) and adipose tissue (star) forms and indistinctive organ margin. (b) Tumour
growth (arrows) into detrusor muscle fibres (cross) at the prostate base.
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4. The Apex

Caudally, at the apex, the prostate is delineated by the urethral sphincter, which
consists of an internal longitudinal and an external striated muscle layer. The internal
muscle layer around the urethra extends into the prostatic apex. The outer striated muscle
also reaches the apex surface and may even insert into the parenchyma, resulting in
histomorphologically benign glands intermingled with striated muscle (Figure 2). This
makes it impossible to consider extraprostatic extension in the apex area. As outlined in the
ISUP consensus report of Working Group 3 on “extraprostatic extension, lymphovascular
invasion and locally advanced disease”, several approaches have been used, such as “ink
on tumor” or extension across the anticipated contour of the normal gland [3]. However,
ultimately, no reliable landmark at the apical region can be used [3]. Please note that this
does not apply to the other prostatic margin sites.

Figure 2. (40×, H&E staining): Prostate apex with striated muscle fibers (arrows) intermingling with
fibromuscular stroma with dilated ducts (triangle).

5. The Lateral and Dorsal Surface with Seminal Vesicles

Laterally, the prostate is surrounded by a variable amount of fibroadipose tissue
containing vessels, nerves and fascial structures [5,6,11]. Starting from the anterior, the
visceral endopelvic fascia continues after the fascial tendinous arch of pelvis as the levator
ani fascia and marks the most lateral border of the periprostatic fascial structures [5,6,11].
Medially, within the connective tissue, and often multilayered, is the prostatic fascia [5,6,11].
Together, these fascial structures and the connective tissue are referred to as the peripro-
static fascia [5,6,11]. This structure continues posteriorly to encounter the neurovascular
bundle [5,6,11]. It is essential to note that the neurovascular bundle is not necessarily a well-
circumscribed structure and may spread over the lateral periprostatic area [5,6,11]. There, at
the turn to the dorsal surface, some of the facial structures join the posterior prostatic fascia,
or Denonvilliers’ fascia [5,6,11]. This fascial structure is a continuous fibrous structure
covering the dorsal prostate and extending cranially from immediately underneath the dip
of the recto-vesical pouch downward to the prostate-urethral junction, where it blends with
the central perineal tendon [5,6,11]. It also covers the seminal vesicles [5]. Similar to the
ventral area, extraprostatic extension may be easily assessed in the presence of surrounding
adipose tissue but it might be difficult in the more posterior areas where the fibrous tissue
intermingles with the fibromuscular prostate parenchyma (Figure 3). Likewise, extension
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beyond the anticipated organ boundary extrapolated from the adjacent contour might be a
feasible approach [3,4].

Figure 3. (40×, H&E staining): posterolateral area with prostate fibromuscular stroma blending into
the adjacent fibroadipose tissue. (a) showing tumour (dotted line) confined to the prostate with the
anticipated organ border (dashed/dotted line), and (b) showing extraprostatic tumour extension
(dotted line) with tumour (arrows) within adipose tissue (stars).

6. Extraprostatic Growth and Oncological Implications

Pathological evaluation of tumor extent in radical prostatectomies (RPE) forms the
basis for staging and can be important for patient management [1]. We divide PCa after
RPE into stage pT2, where the tumor is confined to the prostate gland, and pT3a, where the
tumor displays extraprostatic extension (EPE), which is not always obvious (Figure 4). In
the 1970s and 1980s, studies evaluated whether invasion or extension beyond the so-called
“capsule” of the prostate plays a role in progression-free or overall survival [13,14]. More
recent works have attempted to evaluate the significance of EPE, but often these studies do
not differentiate between EPE alone, positive margins or invasion of the seminal vesicles,
and the results on its significance are ambiguous [4,15–19]. McNeal et al. showed that
EPE (formerly called capsule penetration) was correlated with the cancer volume, the
location of positive surgical margins and the presence of nodal metastases or seminal
vesicle (SV) invasion [20]. However, they could not demonstrate that it was related to
prognosis independently of its correlation with the cancer volume [20]. Other authors who
stratified patients based on the extent of EPE in different groups were repeatedly able to
show an association with disease progression.

However, the measurement technique and the related stratification into different
groups is another issue of discussion. The latest ISUP consensus paper dealing with this
issue was released in 2010, and 94% of participants voted for the quantification of EPE [3].
However, they did not reach a consensus on the specific method to use [3]. In general,
the option is either to use a subjective or quantitative approach. Two examples of a sub-
jective approach are the methods described by Epstein and by Wheeler. Epstein et al.
differentiated between focal, defined by “only a few neoplastic glands. . . exterior to the
prostate”, and established capsular penetration, without further specification of “a few”,
whereas Wheeler et al. defined focal as extraprostatic extension “of less than one high
power field on no more than two separate sections” and any more than this as estab-
lished [21,22]. Both of them were able to show an association between EPE and disease
progression in their cohorts [21,22]. However, these results could not be confirmed by
Sung et al. using the aforementioned measurement techniques. Instead, they suggested
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a quantitative measurement of the radial distance, defined as the distance that the tumor
protrudes perpendicularly beyond the outer margin of the prostatic stroma [23,24]. With
this approach, they could show EPE to be an independent predictor of prostate-specific
antigen (PSA) recurrence in a multivariate analysis. Interestingly, this group also compared
other quantitative methods such as circumferential length measurement and uni- vs. multi-
focality of EPE and could not find an association with PSA recurrence [23]. Similar results
for radial distance measurement and circumferential length measurement were shown by
Kir et al. [25]. Farchoukh et al. differentiated between focal and established EPE based on
the measurement of less than 8 or equal to/more than 8 mm but did not further specify
the measurement technique. Additionally, they formed a third group called “multifocal
extraprostatic extension”, encompassing those cases with more than one focus less than
8 mm [26]. Established EPE was again associated with a higher risk of recurrence, but,
interestingly, in contrast to the results of Sung et al., multifocality even showed a higher
risk [26]. More recently, a study by Park et al. confirmed radial distance measurement
as predictive of biochemical recurrence (BCR) and additionally suggested to include the
number of foci to further improve the prediction [27]. However, there is no consensus yet,
and one has to keep in mind that the method of evaluating EPE has to be applicable in the
routine diagnostic workup of radical prostatectomies and should also be reproducible, a
fact that, to our knowledge, has not yet been looked at.

Figure 4. (40×, H&E staining): lateral prostate with parenchyma intermingling with fibrous connec-
tive tissue of periprostatic fascial structures but tumour extends (dotted line) beyond adipose tissue
(stars), qualifying as extraprostatic growth.

In non-transition zone cancers, extraprostatic extension is most commonly observed
posterolaterally, where nerves penetrate the outer parenchymal rim (Figure 5) [20]. In transi-
tion zone cancers, it is less common and located more anteriorly [20]. Apical positive margins
are also relatively common in transition zone cancers [20]. From a clinical perspective, it is
important to determine whether there is involvement of the anterior part of the prostate, as
cancers of peripheral or transition zone origin may also be predominantly located in the
anterior prostate gland [28]. These tumors are less likely to be detected by standard biopsy
procedures and may be associated with a higher incidence of margin positivity and increased
risk of biochemical recurrence [29]. Nowadays, with the help of multiparametric magnetic
resonance imaging (mpMRI), these PCa are found more often [28]. A recent study showed
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that the detection of anterior PCa has doubled since the introduction of mpMRI. This study
also confirmed the aggressiveness of anterior PCa with a significant rate of extraprostatic
extension [28]. Some authors claim that modern imaging can accurately predict EPE, and,
therefore, suggest the staging of PCa in radiology reports, which might help in planning
and selecting the most appropriate surgical procedure [30,31]. The assessment of EPE in
radiological MRI is based on different imaging features, but providing a detailed insight
into the radiologists’ view on it and on the prostate margins is beyond the scope of this
article. However, it is worth noting that in the radiological literature, many authors still use
the term “capsule” as they can see the fibrotic limitation of the middle part of the prostate in
imaging [30,32]. Nevertheless, this is an inappropriate term.

Figure 5. (20×, H&E staining): the neurovascular bundle with nerval structures (circle) and vessels
(hourglass shape) joins with the outer prostate pstromal rim without (a) and with tumour (arrows)
extension beyond organ restriction (b).

7. Conclusions and Future Directions

The prostate is enveloped with adipose tissue containing different fibrous sheets and
the architecture of the different layers is complex. From our point of view, these structures
should not be collectively referred to as capsules because (a) they do not meet the proper
sense of the definition of a capsule, and (b) using the term might lead to the oversimplifica-
tion of a complex issue and hinder attempts to identify potential prognostic implications of
extraprostatic tumor growth. Knowledge of the anatomy is therefore important, especially
in the context of PCa and tumor staging. The prostatic fibromuscular parenchyma is more
or less sharply demarcated and often intermingles with the surrounding fibrous structures
or, especially at the base and apex, with muscular bundles of the adjacent bladder neck
or urethral sphincter. As outlined before, this is well known, and reference textbooks for
surgical pathologists also describe the problems in discerning extraprostatic growth in a
similar way [9,10]. Determination of extraprostatic extension can sometimes be difficult
but must be included in the final report and should also be quantified. However, the best
measurement technique and potential cutoffs for prognostic group stratification are still a
matter of debate. Moreover, reproducibility and applicability are important aspects for a
technique to become widely accepted and applied.
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