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Primary mucinous tumors and secondary tumors involving the prostate gland are relatively uncommon, however
they have important diagnostic, therapeutic, and prognostic implications. The primary mucinous tumors of the
prostate include mucinous (colloid) adenocarcinoma of the prostate, prostatic adenocarcinoma with mucinous
features, and mucinous adenocarcinoma of the prostatic urethra (mucin-producing urothelial-type adenocarci-
noma of the prostate). Mucinous adenocarcinoma of the prostate is defined as a primary prostatic acinar tumor
characterized by the presence of at least 25% of the tumor composed of glands with extraluminal mucin. This
diagnosis can only be made in radical prostatectomy specimens. Recent studies have shown that these tumors
have a similar or in some cases better prognosis than conventional prostatic adenocarcinoma treated by radical
prostatectomy. The preferred terminology for tumors that are composed of <25% extraluminal mucinous
component in radical prostatectomy specimens is ‘prostatic adenocarcinoma with mucinous features.” All cases
of prostatic adenocarcinoma with extraluminal mucinous components in prostate needle core biopsies or
transurethral resection of the prostate specimens are also referred to as ‘prostatic adenocarcinoma with
mucinous features. Mucinous adenocarcinoma of the prostatic urethra (mucin-producing urothelial-type
adenocarcinoma of the prostate) as the name implies, does not arise from prostatic acini or ducts, and is a
distinct entity that arises from the prostatic urethra usually from urethritis glandularis or glandular metaplasia
with malignant transformation, and is analogous to adenocarcinoma with mucinous differentiation arising from
the urinary bladder. This tumor is aggressive and has a relatively poor prognosis. The most common secondary
tumors that arise from adjacent organs and spread (direct extension or metastasis) to the prostate gland, include
urothelial carcinoma of the bladder and colorectal adenocarcinoma. Other secondary tumors that may involve
the prostate include metastatic epithelial tumors from several other sites, malignant melanoma and soft tissue

tumors.
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Introduction

Our understanding of primary mucinous tumors and
secondary tumors involving the prostate gland has
increased over the past few decades, due to more
careful and detailed gross and microscopic examina-
tions, increased utility of immunohistochemical stains,
biomarkers, and molecular diagnostics. The primary
mucinous tumors involving the prostate gland include
mucinous (colloid) adenocarcinoma of the prostate,
prostatic adenocarcinoma with mucinous features, and
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mucinous adenocarcinoma of the prostatic urethra
(mucin-producing urothelial-type adenocarcinoma of
the prostate)." The most common secondary tumors
that arise from adjacent organs and spread (direct
extension or metastasis) to the prostate gland, include
urothelial carcinoma of the bladder and colorectal
adenocarcinoma.’5=% In view of the fact that some of
these entities have overlapping features, in this brief
review, the diagnostic features of each of these entities
(and a few others) will be discussed from a practical
standpoint, with emphasis on differential diagnoses
and potential diagnostic pitfalls.

Mucinous adenocarcinoma of the prostate

Mucinous adenocarcinoma of the prostate (pre-
viously referred to as colloid carcinoma of the
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Figure 1 (a) Mucinous adenocarcinoma of the prostate. Mucinous component is predominantly composed of well-formed glands (Gleason
score 3+3=6/Grade group 1). (b) Mucinous adenocarcinoma of the prostate (higher magnification). Mucinous component is
predominantly composed of well-formed glands (Gleason score 3+3 =6/Grade group 1). (c) Mucinous adenocarcinoma of the prostate.
Mucinous component is predominantly composed of cribriform glands (Gleason score 4+4=8/Grade group 4). (d) Mucinous
adenocarcinoma of the prostate. Mucinous component is predominantly composed of cribriform glands with necrosis (Gleason score

5+4 = 9/Grade group 5).

prostate) is a rare morphological variant of prostate
cancer. The incidence of mucinous adenocarcinoma
of the prostate, defined by the presence of at least
25% of the tumor composed of glands with extra-
luminal mucin (Figures 1a—d), is ~0.2%.17310:11 The
presence of intraluminal mucin (Figures 2a and b),
seen in up to one-third of prostatic adenocarcinomas,
should not be referred to as mucinous adenocarci-
noma of the prostate or prostatic adenocarcinoma
with mucinous features. In addition, primary muci-
nous tumors arising from the prostatic urethra or
secondary tumors from other sites/organs must be
excluded.?

In the past, it was debatable whether to assign a
Gleason score to these tumors. In addition, at some
point several years ago, some pathologists assumed
that all cases of mucinous adenocarcinoma of the
prostate should be assigned a high Gleason score.
Recent data support grading mucinous adenocarci-
noma of the prostate on the basis of the underlying

architectural pattern (well-formed glands: Gleason
grade 3, poorly formed glands: Gleason grade 4,
cribriform glands: Gleason grade 4, single cells:
Gleason grade 5, etc) rather than assuming that all
of these tumors are aggressive (Figures 1a—d).11%:13
Data from recent large studies have also demon-
strated that mucinous adenocarcinoma of the pros-
tate treated by radical prostatectomy is not more
aggressive than usual non-mucinous prostatic ade-
nocarcinoma, and may potentially be even less
aggressive.310-13 This is in contrast to older studies
that assumed that most of these tumors were
aggressive (or were inconclusive).14-16

In the study by Lane et al'? they analyzed the
clinicopathologic and prognostic features of 14
patients with mucinous prostatic adenocarcinoma
with a median follow-up of 6.4 years. No patients
with mucinous prostatic adenocarcinoma or pro-
static adenocarcinoma with mucinous features died
of disease, and 11/12 (91.7%) patients with

S81

MODERN PATHOLOGY (2018) 31, S80-S95



Mucinous and secondary tumors of the prostate

S82

AO Osunkoya

Figure 2 (a) Conventional prostatic adenocarcinoma with intra-
luminal mucin. Needle core biopsy (x20 magnification). (b)
Conventional prostatic adenocarcinoma with intraluminal mucin.
Needle core biopsy (x40 magnification).

mucinous prostatic adenocarcinoma and 9/14
(64.3%) patients with prostatic adenocarcinoma
with mucinous features had no biochemical
recurrence.'? In addition, no significant difference
was found in overall survival or biochemical
recurrence between patients with mucinous pro-
static adenocarcinoma or prostatic adenocarcinoma
with mucinous features and a matched group of
patients with conventional prostatic adenocarci-
noma. They concluded that mucinous prostatic
adenocarcinoma does not confer poor prognosis.'?
Similarly, in the study by Osunkoya et al® 47
patients with mucinous prostatic adenocarcinoma
treated with radical prostatectomy had more favor-
able outcomes relative to those with conventional
prostatic adenocarcinoma comparing grade and
stage. The mean 5-year actuarial PSA progression-
free risk rate was 97.2% for patients with mucinous
prostatic adenocarcinoma, compared with the pre-
dicted mean 5-year progression-free risk of 85.4%
for  patients with  conventional  prostatic
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adenocarcinoma with the same PSA and postopera-
tive findings.?

Over the years, our understanding of the pathogen-
esis and significance of extraluminal mucin produc-
tion in mucinous prostatic adenocarcinoma has
increased. Mucinous prostatic adenocarcinoma has
been shown to express MUC2 (goblet-type, secretory-
type, or gel-forming-type mucin), which has been
found to form strong bonds with the stroma and likely
has pathologic and prognostic significance.'” Over-
expression or ectopic expression of MUC2 has also
been reported in mucinous (colloid) adenocarcinomas
of other organs/sites such as the pancreas, breast,
skin, and ovary.!8 Therefore, there is likely a common
genetic alteration shared by mucinous adenocarcino-
mas of various organs including the prostate with
relation to MUC2 expression leading to mucinous
differentiation.!” In a study of colloid carcinomas of
the breast and pancreas, it appeared that inverse
polarization of the surface glycoproteins and secretory
organelles directed toward the stromal aspect of the
cells in conjunction with a lack of basal cell formation
allows for the secretion of mucin toward the stroma
and the accumulation of extracellular mucin.'® In a
study of 25 cases of mucinous prostatic adenocarci-
noma and 25 cases of conventional prostatic adeno-
carcinoma, all cases of mucinous prostatic
adenocarcinoma had variably positive expression of
MUC2, and only 6 of 25 cases of conventional
prostatic adenocarcinoma had positive MUC2
expression.!” Not only does MUC2 contribute to the
morphology of mucinous adenocarcinomas, but it
may also be a biological factor in the relatively slow
growth of these tumors.”-18 It has also been hypothe-
sized that the extracellular mucin associated with
mucinous (colloid) carcinoma, which accumulates in
the stroma and surrounds the neoplastic cells,
actually interferes with their ability to spread.'®

Loss of PTEN expression is known to occur in
aggressive high-grade prostatic adenocarcinoma.®%3
Bertsch et al** analyzed PTEN expression in 92 cases
of mucinous prostatic adenocarcinoma (34 cases) and
prostatic adenocarcinoma with mucinous features (58
cases). PTEN expression was positive in the mucinous
component of 79/92 (86%) cases. The fact that 86% of
cases of mucinous prostatic adenocarcinoma and
prostatic adenocarcinoma with mucinous features
were positive for PTEN despite relatively high Gleason
scores (>50% of cases were 4+3=7 or higher), may
give some insight into why a number of these tumors
may be less aggressive than conventional prostatic
adenocarcinoma without associated extraluminal
mucinous components.?*

Prostatic adenocarcinoma with mucinous
features
It is important to note that when prostatic adeno-

carcinoma with extraluminal mucin is present
in a TURP specimen or needle core biopsies
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Figure 3 (a) Prostatic adenocarcinoma with mucinous features. Needle core biopsy (x10 magnification). (b) Prostatic adenocarcinoma with
mucinous features. Needle core biopsy (x20 magnification). (c) Prostatic adenocarcinoma with mucinous features. Needle core biopsy (x40
magnification). (d) Prostatic adenocarcinoma with mucinous features. Needle core biopsy (x10 magnification).

(Figures 3a—d), a diagnosis of ‘Prostatic adenocarci-
noma with mucinous features’ should be rendered.
This is due to the fact that the entire tumor (radical
prostatectomy specimen) has to be present to con-
firm that the extraluminal mucinous component is
indeed greater than 25% before a definitive diag-
nosis of mucinous adenocarcinoma of the prostate
can be made. In addition, if the extraluminal
mucinous component is <25% in a radical prosta-
tectomy specimen (Figures 4a and b), then a
diagnosis of ‘Prostatic adenocarcinoma with muci-
nous features’ should also be rendered.
Interestingly, mucinous fibroplasia (one of the few
pathognomonic features of prostate cancer) that is
composed of delicate organization of collagen is
occasionally intimately admixed with mucinous
adenocarcinoma of the prostate and prostatic adeno-
carcinoma with mucinous features (Figures 5a—d).%*
Similar to conventional acinar prostatic adeno-
carcinoma, markers such as PSA, PAP, PSMA,
ERG, P501S, P504S, PTEN, etc are also variably
expressed in mucinous adenocarcinoma of the

prostate and prostatic adenocarcinoma with muci-
nous features. 25-29

Differential Diagnosis

The main entities to consider in the differential
diagnosis of mucinous adenocarcinoma of the
prostate or prostatic adenocarcinoma with mucinous
features are mucinous adenocarcinoma arising from
the prostatic urethra (discussed below) or bladder,
and colorectal adenocarcinoma involving the pros-
tate (discussed below).

Mucinous adenocarcinoma of the prostatic
urethra (mucin-producing urothelial-type
adenocarcinoma of the prostate)

The prostatic urethra is an important component of
the prostate gland and is primarily lined by urothe-
lium. Urothelial metaplasia may however occur
within the periurethral glands and prostatic ducts
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Figure 4 (a) Prostatic adenocarcinoma with mucinous features.
Radical prostatectomy (x4 magnification). (b) Prostatic adenocar-
cinoma with mucinous features. Radical prostatectomy (x20
magnification).

and acini. Urothelial tumors more commonly seen in
the bladder that can also occasionally arise from the
urothelium of the prostatic urethra include inverted
urothelial papilloma, fibroepithelial polyp, and
urothelial carcinoma.!

Mucinous adenocarcinoma of the prostatic urethra
(also known as mucin-producing urothelial-type ade-
nocarcinoma of the prostate) originates from urethritis
glandularis or glandular metaplasia of the prostatic
urethra with malignant transformation (Figures 6a—d),
and is analogous to adenocarcinoma arising from the
urinary bladder. 334 In view of the fact that mucinous
adenocarcinoma of the prostatic urethra is identical in
its morphology and histogenesis to mucinous adeno-
carcinoma of the bladder, the latter must be excluded
before this diagnosis is rendered.3?

Mucinous adenocarcinoma of the prostatic urethra
is characterized by large pools of mucin lined by
pseudostratified or tall columnar cells with areas of
mucin dissecting into the stroma forming pools
(Figures 7a—c). The tumor may also occasionally
demonstrate tubules or cribriform glands (mimicking
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prostatic adenocarcinoma with mucous features),
and signet ring cells floating within pools of mucin
may also be present (Figures 8a—c). Extensive
perineural invasion is usually present, though in
some cases/foci, only rare tumor cells with peri-
neural invasion floating in pools of mucin may be
seen (Figure 9) and in advanced cases, extraprostatic
extension may also be present (Figures 10a and b).

In the largest series to date on this entity, the mean
patient age at diagnosis was 72 years (range: 58—93
years) and the predominant mode of presentation
was urinary obstruction.3? A relatively more specific
finding seen in 20% of cases, which may also be seen
with primary adenocarcinoma or villous adenoma of
the bladder, is mucusuria. As expected (since the
tumor arises from the prostatic urethra and not
luminal cells of prostatic ducts or acini), the PSA
levels in the series were not elevated with a mean of
0.91ng/ml (range: 0.2—1.3ng/ml). All men had
negative colonoscopies, clinically excluding a color-
ectal primary. Bladder primaries were ruled out
clinically by cystoscopy or pathologically in radical
cystoprostatectomy specimens.?? Follow-up was
available on all men with a mean duration of
50.3 months (range: 2-161 months). Five men
underwent radical prostatectomy, two cystoprosta-
tectomy, one a pelvic exenteration, and seven were
treated by TURP. Three of the men who had radical
prostatectomy received radiation therapy with one of
them also having chemotherapy. Two of the seven
men who had TURP also received radiation therapy.
Of the eight men with radical resections, the
pathologic findings for the tumor were extraprostatic
extension in eight, positive margins in four, and
seminal vesicle invasion in four.??

Although mucinous adenocarcinoma of the pro-
static urethra is an adenocarcinoma that involves the
prostate, it should not be assigned a Gleason score
(in contrast to mucinous adenocarcinoma of the
prostate), as these tumors do not arise from prostatic
ducts or acini-like prostatic adenocarcinoma from
which the Gleason system was derived. In one-third
of the cases in the largest series, a precursor lesion,
such as urethritis glandularis or villous adenoma
could not be identified. This finding most likely
reflects either sampling issues or destruction of the
surface component by infiltrating tumor.

Mucinous adenocarcinoma of the prostatic urethra
is typically immunoreactive for CK7, CK20, CEA and
negative for PSA, PSAP, NKX3.1 (Figures 11a—d).
CDX2 is typically negative, but may demonstrate
focal positivity especially in cases with enteric
features. Interestingly, a similar entity involving the
urethra in female patients has been recently
described.3®

Differential Diagnosis

The main entities to consider in the differential
diagnosis of mucinous adenocarcinoma of the
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Figure 5 (a) Prostatic adenocarcinoma with mucinous features and extensive mucinous fibroplasia. Needle core biopsy (x10

magnification

magnification

(b) Prostatic adenocarcinoma with mucinous features and extensive mucinous fibroplasia. Radical prostatectomy (x10

(d) Prostatic adenocarcinoma with mucinous features and extensive mucinous fibroplasia. Radical prostatectomy (x40

).

magnification). (c) Prostatic adenocarcinoma with mucinous features and extensive mucinous fibroplasia. Radical prostatectomy (x20
).
).

magnification

prostatic urethra include colorectal adenocarcinoma
involving the prostate (discussed below) and muci-
nous adenocarcinoma of the prostate (discussed
above).

In summary, it is critical to make the distinction
between mucinous adenocarcinoma of the prostatic
urethra and mucinous adenocarcinoma of the prostate
(once extraprostatic primaries have been excluded),
not only to avoid rendering a Gleason score in the
former, but also for therapeutic considerations, as
hormonal (androgen deprivation) therapy would not
be a treatment choice for mucinous adenocarcinoma of
the prostatic urethra. In addition, cases of mucinous
adenocarcinoma of the prostatic urethra may require
radical cystoprostatectomy.

Secondary tumors of the prostate

Secondary tumors involving the prostate excluding
those from direct extension from adjacent organs

(bladder and colorectum) are rare. Metastasis from
other sites to the prostate typically arise from the
lung, upper gastrointestinal tract, skin (melanoma),
kidney, testicle, endocrine organs, and others, with
an incidence ranging from 0.1 to 6.0% depending on
the series.’6=%7 In view of the proximity to the
prostate, the most common secondary tumor invol-
ving the prostate though direct extension is from the
urinary bladder. Colorectal tumors including color-
ectal adenocarcinoma and gastrointestinal stromal
tumor (GIST) may also occasionally involve the
prostate.

Urothelial carcinoma of the bladder with
involvement of the prostate
A number of studies have described various patterns

and mechanisms of prostatic involvement by urothe-
lial carcinoma: urothelial carcinoma in situ of the
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Figure 6 (a) Mucinous adenocarcinoma of the prostatic urethra arising from urethritis glandularis/glandular metaplasia of the prostatic
urethra. TURP (x10 magnification). (b) Mucinous adenocarcinoma of the prostatic urethra arising from urethritis glandularis/glandular
metaplasia of the prostatic urethra. TURP (x20 magnification). (c) Mucinous adenocarcinoma of the prostatic urethra arising from
urethritis glandularis/glandular metaplasia of the prostatic urethra. Radical cystoprostatectomy (x4 magnification). (d) Mucinous
adenocarcinoma of the prostatic urethra arising from urethritis glandularis/glandular metaplasia of the prostatic urethra. Radical

cystoprostatectomy (x10 magnification).

prostatic urethra, colonization of prostatic ducts/
acini, invasion of prostatic urethral subepithelial
connective tissue, prostatic stromal invasion from
the latter and direct transmural invasion through the
bladder wall, with variable data on prognostic
implications.?-%8-62 Urothelial carcinoma with pro-
static involvement may be detected on prostatic
needle core biopsies, TURP, simple prostatectomy,
radical prostatectomy, or, more commonly, radical
cystoprostatectomy specimens. On prostate needle
core biopsies or TURP specimens, it is challenging to
determine the site of origin of the tumor especially in
the absence of a known history of urothelial
carcinoma of the bladder. In addition, in some cases,
the prostatic stromal invasion may actually be
arising from the prostatic urethra and not the
bladder, and thus appropriate tissue sampling is
critical in this scenario to ensure appropriate stage
designation. The incidence of prostatic involvement
by urothelial carcinoma of the urinary bladder in

MODERN PATHOLOGY (2018) 31, S80-S95

radical cystoprostatectomy specimens ranges from
12 to 48%6:7:58,60,63

Urothelial carcinoma of the bladder with prostatic
stromal invasion (direct invasion of the prostatic
stroma following tumor extension beyond the mus-
cularis propria/Detrusor muscle) is categorized as
pT4a in the 2017 American Joint Committee on
Cancer/Tumor-Node-Metastasis classification
(Figures 12a—c), and urothelial carcinoma of pro-
static urethral origin with prostatic stromal involve-
ment is designated as pT2 (Figures 13a and b).1.7:62~
64 However, urothelial carcinoma in situ of the
prostatic urethra or colonization of prostatic ducts
and acini without associated stromal invasion does
not upstage a tumor to pT2 or pT4a status.!7:62-64

Most experts are in agreement that there is a
difference in outcome between patients with urothe-
lial carcinoma in situ of the prostatic urethra or
urothelial carcinoma in situ with colonization of
prostatic ducts/acini (Figures 14a and b) and patients



Figure 7 (a) Mucinous adenocarcinoma of the prostatic urethra
with dissecting pools of mucin. Radical cystoprostatectomy (x4
magnification). (b) Mucinous adenocarcinoma of the prostatic
urethra with dissecting pools of mucin. Radical cystoprostatect-
omy (x20 magnification). (¢) Mucinous adenocarcinoma of the
prostatic urethra with pseudostratified/columnar epithelium.
Radical cystoprostatectomy (x60 magnification).

with prostatic stromal invasion. It is thus critical to
make the distinction between the two, irrespective of
the specimen in which the initial diagnosis was
made. The distinction between urothelial carcinoma
with prostatic stromal invasion and urothelial
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Figure 8 (a) Mucinous adenocarcinoma of the prostatic urethra
with cribriform glands, mimicking prostatic adenocarcinoma with
mucous features (x20 magnification). (b) Mucinous adenocarci-
noma of the prostatic urethra with signet ring cell formation
(predominantly mucin pools). Radical cystoprostatectomy (x60
magnification). (¢) Mucinous adenocarcinoma of the prostatic
urethra with signet-ring cell formation (predominantly signet ring
cells). Radical cystoprostatectomy (x60 magnification).

carcinoma with colonization of prostatic ducts and
acini can be somewhat challenging in some cases on
H&E (especially in needle core biopsies or TURP

MODERN PATHOLOGY (2018) 31, S80-S95
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Figure 9 Mucinous adenocarcinoma of the prostatic urethra with
extensive pools of mucin and focus of perineural invasion. Radical
cystoprostatectomy (x20 magnification).

Figure 10 (a) Mucinous adenocarcinoma of the prostatic urethra
with extraprostatic extension. Radical cystoprostatectomy (x10
magnification). (b) Mucinous adenocarcinoma of the prostatic
urethra with extraprostatic extension. Radical cystoprostatectomy
(x20 magnification).
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specimens), and is one of the relatively common
urological pathology consultation cases sent to
experts. Pathologists rely on somewhat subjective
methods/criteria to aid in the determination of
prostatic stromal invasion such as stromal desmo-
plastic response, host inflammatory response, and
irregular urothelial nests. Urothelial carcinoma
in situ with colonization of prostatic ducts and acini
may be associated with a periductal/periacinar
stromal response, including desmoplasia and inflam-
mation in an analogous manner to what is seen with
ductal carcinoma in situ of the breast, especially in
extensive cases. In addition to irregular nests, other
features helpful to make a definitive diagnosis of
invasion in this setting are either nests of tumor cells
with retraction artifact or single tumor cells. Pre-
vious studies have demonstrated that readily avail-
able immunohistochemical stains such as p63 and
HMWCK may be helpful in the distinction between
urothelial carcinoma with prostatic stromal invasion
and urothelial carcinoma with colonization of pro-
static ducts and acini.%* Other authors have also
utilized CK5, CK5/6, and double-stains CK7/CK5
and p53/CK5, in this setting.?> However, it is
important to note that in some cases it may be
difficult to distinguish tumor cells from the basal
cells even with these immunohistochemical stains.

Although there are a number of entities that
should be distinguished from urothelial carcinoma
of the bladder involving the prostate (including
prostate cancer, discussed below), the most impor-
tant benign entities are urothelial metaplasia and
basal cell hyperplasia. These two different entities
do not usually cause diagnostic challenges, however
in cases of florid urothelial metaplasia or florid basal
cell hyperplasia, unsuspecting pathologists may
misinterpret them as a malignant process such as
urothelial carcinoma.!® One of the key diagnostic
features of these two benign entities is the preserva-
tion of a lobular architecture. In addition, unlike
urothelial carcinoma with prostatic stromal invasion,
a desmoplastic stromal response and/or retraction
artifact are usually absent.

Making the distinction between invasive high
grade urothelial carcinoma of the bladder with
prostatic stromal invasion and prostatic adenocarci-
noma is critical, in view of the different therapeutic
options for these tumors. In cases that are challen-
ging on H&E, readily available immunohistochem-
ical stains (PSA, PSAP, GATA3, p63, HMWCK,
thrombomodulin, and uroplakin) can aid in the
distinction between these two entities in most cases.
In the few cases in which the distinction still cannot
be made with the previous markers, additional
immunohistochemical stains such as NKX3.1,
P501S, PSMA, and pPSA that are typically positive
even in advanced prostatic adenocarcinoma, and
negative in urothelial carcinoma may be
useful,11,25,66-68
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Figure 11 (a) Mucinous adenocarcinoma of the prostatic urethra. (b) Mucinous adenocarcinoma of the prostatic urethra with positive CK7
expression (focus corresponds to a). (c) Mucinous adenocarcinoma of the prostatic urethra with positive HMWCK expression (focus
corresponds to a). (d) Mucinous adenocarcinoma of the prostatic urethra with negative NKX3.1 expression (focus corresponds to a).

In summary, it is important to note that urothelial
carcinoma involving the prostate, may actually be
originating from the prostatic urethra, although in
several cases the bladder is the site of origin. It is also
critical to distinguish invasive high-grade urothelial
carcinoma of the bladder with prostatic stromal
invasion from prostatic adenocarcinoma and benign
mimics.

Colorectal adenocarcinoma with
involvement of the prostate

Despite the proximity of the colorectum to the
prostate, involvement of the prostate from this site
in clinical specimens is relatively rare (Figures 15a—
c), with only few case series and case reports in the
literature.%11:46:47.69.70 Although most patients pre-
sent with classic symptoms of colorectal carcinoma,
patients may present with obstructive uropathy due
to involvement of the prostatic urethra, and therefore
may be diagnosed for the first time following TURP.®

Secondary involvement of the prostate from the
colorectum can occur either by direct extension or by
discrete metastases as evidenced by colon cancer
involving the prostate in cases with initial pT1 colon
cancer. The paucity of cases of colorectal carcinoma
directly invading the prostate is due to several
factors. Denonvillier fascia, the compressed prostatic
capsule, plays a key role in impeding the extension
of surrounding tumors into the prostate gland.®

In one of the largest case series to date, a couple of
patients had prostatic extension of colorectal adeno-
carcinoma followed reanastomosis of a resected
segment of colon.? In these cases, it is likely that
there was disruption of the Denonvillier fascia,
which made the localized spread of the recurrent
colonic cancer to the prostate gland easier. Well-
documented cases of discrete metastases are uncom-
mon. There has been a reported case of metastasis of
an ascending colon carcinoma to the prostate 10
years after hemicolectomy (one of the longest
intervals in the literature) in an 80-year-old man.*®
The patient had a history of partial resection of the
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Figure 12 (a) Invasive high-grade urothelial carcinoma (bladder
origin) with prostatic stromal invasion. Note desmoplastic stromal
reaction and inflammation radical cystoprostatectomy (x10 mag-
nification). (b) Invasive high-grade urothelial carcinoma (bladder
origin) with prostatic stromal invasion. Note desmoplastic stromal
reaction and inflammation radical cystoprostatectomy (x10 mag-
nification). (c) Invasive high-grade urothelial carcinoma (bladder
origin) with prostatic stromal invasion. Note adjacent necrotizing
granulomatous inflammation from prior BCG therapy. Radical
cystoprostatectomy (x10 magnification).
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Figure 13 (a) Invasive high-grade urothelial carcinoma (prostatic
urethral origin) with prostatic stromal invasion arising in a
background of extensive urothelial carcinoma in situ with
colonization of prostatic ducts and acini (captured component).
Radical cystoprostatectomy (x4 magnification). (b) Invasive high-
grade urothelial carcinoma (prostatic urethral origin) with pro-
static stromal invasion. Foci of adjacent urothelial carcinoma
in situ with colonization of prostatic ducts and acini are also
present. Radical cystoprostatectomy (x10 magnification).

ascending colon for adenocarcinoma and also had
pulmonary metastases.

Histologically, the two most common entities in
the differential diagnosis of colorectal adenocarci-
noma invading the prostate are prostatic ductal
adenocarcinoma and adenocarcinoma of the bladder.
The various patterns of infiltrating colorectal adeno-
carcinoma, including mucinous, enteric, and signet-
ring cell type may also be seen in variants of
prostatic adenocarcinoma. However, true mucin-
positive signet-ring cells are exceedingly rare in
prostatic adenocarcinoma. In addition, prostatic
ductal adenocarcinoma with rare exception lacks
mucinous epithelium, intraluminal or extracellular
mucin, and prostatic ductal adenocarcinoma is often
admixed with conventional prostatic adenocarci-
noma that has distinctive morphology.
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Figure 14 (a) Urothelial carcinoma in situ with colonization of
prostatic ducts/acini (x20 magnification). (b) Urothelial carcinoma
in situ with colonization of prostatic ducts/acini (x20
magnification).

In challenging cases, especially in biopsy speci-
mens, immunohistochemical stains can be helpful.
Most colonic adenocarcinomas are positive for
CDX2, villin, b-catenin (nuclear stain), mucins
(MUC1 and MUC3), CEA, and B72.3, and all are
negative for prostate-specific markers (PSA, PSAP,
p504s, NKX3.1, etc).2%4370 In addition, it is impor-
tant to note that distorted benign colorectal epithe-
lium may be intimately associated with prostatic
tissue and may mimic prostatic adenocarcinoma on
needle core biopsies.”?

Gastrointestinal stromal tumor

A challenging and well-described scenario (espe-
cially on needle core biopsy) is one in which a
patient has a positive DRE and on imaging appears to
have a mass involving the prostate or extending in
between the prostate and the colorectum. One of the
entities to consider in this setting is a gastrointestinal
stromal tumor (GIST). Most cases of ‘prostatic’ GIST

Figure 15 (a) Colorectal adenocarcinoma with mucinous features
involving the prostate (pelvic exenteration x 10 magnification). (b)
Colorectal adenocarcinoma involving the prostate (TURP x 20
magnification). (c¢) Colorectal adenocarcinoma involving the
prostate with positive CDX2 expression (focus corresponds to b).

are sampled on needle core biopsy, and one of the
clues to the diagnosis 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
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Figure 16 (a) Gastrointestinal stromal tumor diagnosed on
‘prostate’ needle core biopsy. (b) Gastrointestinal stromal tumor
with positive CD117 expression (focus corresponds to a).

true GIST of prostatic origin.”?~”7 Unfortunately, if
GIST is misdiagnosed as a sarcoma, patients may
undergo unnecessary pelvic exenteration or chemo-
radiation therapy. GISTs in this location are similar
to those at other sites, thus the tumors are typically
positive for CD117, CD34, and DOG1 (Figures 16a
and b).

Metastatic malignant teratoma to the
prostate

Testicular germ cell tumors are the most common
solid malignancy of young men aged 15-40 years,
representing ~1% of all malignancies in men.! The
majority of stage I non-seminomatous germ cell
tumors (NSGCTs) are treated with radical orchiect-
omy followed by surveillance, a platinum-based
chemotherapy, retroperitoneal lymph-node dissec-
tion, or a combination of the above therapies. Stage I
patients are divided into low risk (20% relapse rate)
or high risk (40-50% relapse rate) depending on the

MODERN PATHOLOGY (2018) 31, S80-S95

Figure 17 (a) Metastatic malignant teratoma involving the prostate
and seminal vesicle (x2 magnification). (b) Metastatic malignant
teratoma involving the prostate and periprostatic tissue (x4
magnification). (c) Metastatic malignant teratoma involving the
prostate (x20 magnification).

presence of vascular or lymphatic invasion. Low-risk
stage I NSGCT patients are can be offered treatment
with a radical orchiectomy followed by surveillance
with excellent rates of cancer-specific survival. In



NSGCTs, 89% of relapses occur within the first 2
years after treatment. The most common sites of
recurrence are the retroperitoneal lymph nodes and
the lungs, but other sites of recurrence may also
occur, including the liver, brain, bone, kidney,
adrenal gland, and the gastrointestinal tract. Recur-
rences of metastatic primary testicular cancer to the
prostate are extremely rare, with very few case
reports of metastatic germ cell tumors to the
prostate.”885 In these previous reports, patients with
prostatic metastases have presented for evaluation
following the onset of obstructive voiding symptoms
or with abdominal/back pain. Prostatic metastases
were identified at the time of initial diagnosis for one
patient’s primary testicular seminoma, but they have
also occurred as late as 16 years after the primary
diagnosis.?? In these patients, pathologic diagnosis
was confirmed by transurethral resection, prostate
biopsy, or urine cytology. These patients were also
initially managed with either platinum-based che-
motherapy and/or radiation therapy. One patient
ultimately required a cystoprostatectomy for CT-
confirmed residual disease in the prostate. Although
the vast majority of these cases have reported
prostatic recurrences from primary testicular semi-
nomas, very rarely metastatic malignant teratoma
may involve the prostate (Figures 17a—c).848% The
main differential diagnosis to consider includes
spread (direct extension or metastasis) of tumors
from other sites to the prostate. In summary,
metastatic malignant teratoma (or germ cell tumors
in general) to the prostate though relatively uncom-
mon may occur, and this case emphasizes the fact
that one should always keep an open mind when
unusual morphologic features are present in the
prostate.

In summary, mucinous and secondary tumors of
the prostate are relatively uncommon in contrast to
conventional prostatic adenocarcinoma, and it is
critical for pathologists (and our clinical colleagues)
to be aware of the potential diagnostic pitfalls and
therapeutic/prognostic implications associated with
these entities.
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