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The morphologically heterogeneous (intra)ductal lesions of the
prostate frequently present a diagnostic challenge, particularly
when found within prostate needle biopsies. By current
convention, all high-grade intra-acinar and intraductal
neoplastic lesions of prostatic origin fall under the diagnostic
umbrella term: prostatic intraepithelial neoplasm (PIN).
Although a long-standing contentious issue, some lesions
currently adhering to the diagnostic criteria of PIN may actually
represent the intraductal spread of (generally high grade)
invasive cancer. Illustrating this fact, the well-described ductal
subtype of prostatic adenocarcinoma is frequently associated
with conventional-type acinar adenocarcinoma, and has a
tendency to propagate within adjacent intact prostatic ducts.
Clearly, the misdiagnosis of lesions representing invasive
disease as preinvasive has the potential for unfavourable
clinical sequelae. As yet, however, many of these lesions have
escaped the establishment of reliable morphologic criteria or
immunohistochemical differentiation for diagnosis. By defining
stringent architectural and cytonuclear features specific for each
of these lesions, it may be feasible to separate potentially
sinister lesions from the subset of traditional (preinvasive) PIN
lesions with limited clinical urgency. This review discusses the
(intra)ductal lesions of the prostate, along with their differential
diagnoses. Given the current state of knowledge, a pragmatic
approach to their effective reporting is outlined, taking into
consideration the clinical implications, as well as current
guidelines for treatment and follow-up.
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T
he ductal lesions of the prostate and their
mimics span a spectrum from benign to
premalignant through to, frankly, invasive

disease. Adding to the complexity is the lack of
distinct histological differences between prostatic
ducts and acini. Indeed, even in benign tissue,
transverse sections of prostatic ducts are indis-
tinguishable from acini. Lesions with ductal
morphology include ductal adenocarcinoma, pro-
static intraepithelial neoplasia, as well as the
intraductal spread of an adjacent, generally high-
grade (Gleason score 8–10) adenocarcinoma. The
histological features, immunohistochemical pro-
files and the nomenclature of these lesions are a
topic of constant debate, and a considerable
amount of disagreement exists within the sphere
of genitourinary pathology. This article reviews the
prostatic lesions with ductal morphology, as well
as their mimics, in the hope of guiding anatomical
pathologists towards accurate diagnosis and

effective reporting of these frequently challenging
lesions.

To understand the pathology of lesions with
ductal morphology, one must first define the term
‘‘ductal morphology’’. One approach takes into
consideration the microscopic anatomy of prostatic
ducts. Each of the three anatomically distinct
zones of the prostate has its own set of periurethral
main prostatic ducts lined by several layers of
urothelial-like cells, reminiscent of the urothe-
lium.1 The peri-urethral ducts give off branches,
with tributaries adopting the epithelial morphol-
ogy of prostatic acini as they progress upstream
from the urethra (fig 1). The tall columnar cells
lining the larger ducts resemble the cells lining the
smaller ducts and acini in their staining patterns
with prostate-specific antigen (PSA) and prostatic
acid phosphatase (PAP).2 Thus, following this
approach, prostatic ductal lesions are derived from
the large periurethral ducts, and the lesional cells
tend to share their tall columnar morphology. An
alternative approach makes a morphological ana-
logy between prostatic ductal lesions and the in
situ neoplasias of the breast. Using the breast
analogy as a framework, the ductal lesions of the
prostate can be identified by their well-circum-
scribed rounded contours (occasionally with iden-
tifiable branching) and their larger calibre than the
surrounding acinar structures. The range of neo-
plastic lesions of the prostate with ductal mor-
phology and their differential diagnoses are listed
in table 1, which serves as the basis for this review.

PROSTATIC INTRAEPITHELIAL NEOPLASIA
Definition and morphology
High-grade prostatic intraepithelial neoplasia
(PIN) is the term used to denote the presence of
dysplastic features in the luminal cells lining
prostatic glands or ducts. The hallmark of PIN is
the presence of enlarged nucleoli in cells lining
prostatic glands or ducts with a luminal (but not
basal) cell morphology and location.3–5 At low
power, attention is drawn to glands and ducts
involved by PIN as a result of their slightly more
basophilic appearance when compared with unaf-
fected structures. The basophilia is due to both
nuclear crowding and increased cytoplasmic den-
sity. The arrangement of acini, however, retains a
benign pattern. PIN may assume variable archi-
tectural patterns, and, frequently, different pat-
terns are found within the same specimen. Several
architectural variants of PIN have been described
(fig 2). Although the tufted and micropapillary

Abbreviations: AMACR, a-methylacyl coenzyme A
racemase; PAP, prostatic acid phosphatase; PIN, prostatic
intraepithelial neoplasm; PSA, prostate-specific antigen
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patterns are most common,6 other patterns show stratification
of dysplastic cells, sometimes filling a large part of the
glandular or ductal lumen. The latter variants include cribri-
form, solid and comedo-type PIN.7–9 The analogy (at least in
terms of morphology) with the four classical variants of ductal
carcinoma in situ of the breast (ie, micropapillary, cribriform,
solid and comedocarcinoma) is obvious. Other, exceedingly
uncommon variants of PIN (eg, small cell, signet cell, hobnail
or inverted pattern, foamy cell)10 11 are beyond the scope of this
review.

By consensus, all architectural variants of PIN are currently
termed ‘‘PIN’’, and are so reported.5 12 13 PIN is generally
considered to represent the most common precursor lesion of
prostatic adenocarcinoma.5 14 In addition to sharing the
predominantly peripheral distribution of adenocarcinoma, PIN
is found in association with invasive carcinoma in .70% of
prostatectomy specimens.5 15 In a study examining cystopros-
tatectomy specimens from men with bladder cancer, Montironi
et al16 found that PIN was associated with prostate cancer in
about 80% of cases, whereas specimens without concomitant
prostate cancer had a significantly lower incidence of PIN,
approaching 30%. Furthermore, molecular–genetic changes and
complementary DNA expression profiles found in PIN have
been shown to closely mirror those of prostate cancers found
within the same specimen.17–19 It should be noted that none of
these molecular–genetic studies distinguished the different
architectural variants of PIN, and they therefore do not provide
specific information on the subset of lumen-spanning PIN.

Less certainty exists with respect to a precursor role of PIN in
the carcinogenesis of the infrequent prostate cancers occurring
in the transition zone, which are generally low grade (Gleason
score 2–4)20 and have a considerably more bland cytonuclear
appearance as compared with PIN.

Clinical relevance
In men undergoing prostate needle biopsies, PIN may be
detected in conjunction with adenocarcinoma, but also as an
isolated finding. The frequency of isolated PIN in prostate
needle biopsies varies considerably,21 22 and likely depends on
the population being investigated (referral vs screening) and
the number and quality of biopsies taken. In addition, there is
substantial interobserver variation among non-genitourinary
pathologists in the recognition and diagnosis of PIN.23 24 Earlier
studies reported a high detection rate of adenocarcinoma in
men who underwent repeat biopsy after an initial diagnosis of

isolated PIN.21 22 25 26 As a consequence, repeat prostate biopsy
was generally recommended in men with the finding of isolated
PIN within a period of 6 months.27 28 More recent studies, based
on large numbers of men with isolated PIN on needle biopsy,
showed that the risk of prostate cancer on subsequent biopsy is
not significantly increased when compared with men who had
an initial benign (negative) biopsy.22 25 The latter authors,
therefore, no longer recommend early repeat biopsy, and,
depending on other clinical parameters, suggest postponing
repeat biopsy for 1 year. As a consequence of the new
recommendations (based on the most commonly identified
and more indolent forms of PIN), it follows that the
identification of the less common PIN lesions, which may be
associated with more aggressive carcinoma, becomes clinically
relevant.29

Differential diagnosis of PIN lesions with ductal
morphology
Atypical basal cell hyperplasia
As described, the diagnosis of PIN is based on the presence of
dysplastic features (prominent nucleoli, enlarged nuclei and
increased cytoplasmic density) within the cells of the luminal,
but not the basal, compartment. In the case of atypical basal
cell hyperplasia, multiple layers of basal cells with enlarged,
vesicular nuclei and prominent nucleoli30 are generally covered
by a single, somewhat flattened, luminal cell layer with bland
nuclei. Atypical basal cell hyperplasia is a benign lesion without
clinical consequence.

Prostatic adenocarcinoma (conventional acinar)
In prostate needle biopsies, tangential cuts of glandular or
ductal outpouchings lined by dysplastic cells of PIN may give
the false impression of invasive disease.31 By examining
multiple levels to demonstrate continuity of the outpouchings
with adjacent glands or ducts, and by demonstration of a basal
cell layer, a diagnosis of PIN can often be made.32 Otherwise, a
diagnosis of PIN with atypical glands or lesion suspicious for
adenocarcinoma may be made. In the latter case, an early
follow-up biopsy is recommended.

Prostatic ductal adenocarcinoma
If circumscribed ducts show distended lumena filled with
neoplastic cells with a cribriform or papillary architecture, the
differential diagnosis between PIN (involving a larger prostatic
duct) and ductal adenocarcinoma may be considered. The
diagnostic features of prostatic ductal adenocarcinoma are
discussed later in this review.

Figure 1 Longitudinal section of the larger main prostatic duct, lined by
mutiple layers of epithelial cells and an inner layer of columnar cells.
Outpouchings are lined by prostatic secretory cells.

Table 1 Neoplastic processes involving prostatic ducts and
their main differential diagnosis

Prostatic intraepithelial neoplasia
Atypical basal cell hyperplasia
Prostatic adenocarcinoma (acinar)
Prostatic ductal adenocarcinoma

Prostatic ductal adenocarcinoma
Prostatic acinar adenocarcinoma, including pseudohyperplastic
adenocarcinoma
Prostatic invasion by rectal adenocarcinoma
Verumontanum hyperplasia

Intraductal carcinoma
Cribriform prostatic intraepithelial neoplasia (PIN)
Cribriform pattern 3 acinar adenocarcinoma
Urothelial cell carcinoma with comedonecrosis

Urothelial carcinoma (primary or secondary)
Intraductal carcinoma

Intraductal lesions of the prostate gland 857
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Immunohistochemical features of PIN
Almost all morphological variants of PIN share the over-
expression of a-methylacyl coenzyme A racemase/P504S
(AMACR/P504S) with adenocarcinoma. As shown by immu-
nohistochemical techniques, the overexpression of AMACR/
P504S helps to distinguish PIN in most cases from benign
lesions like atrophy and atypical basal cell hyperplasia.32 A
further distinctive feature of PIN is the presence of a
continuous or frequently patchy, disrupted basal cell layer.
This is highlighted by staining for high-molecular-weight
cytokeratins (34bE12 or K903) or the basal cell marker
p63.32 33 In contrast, all variants of prostatic adenocarcinoma
lack basal cells entirely. However, although these markers are
extremely helpful (particularly in combination), they should be
used cautiously and always in conjunction with conventional
H&E histological assessment. Experienced pathologists will be
guided by histological features in conjunction with immuno-
histochemical findings, as some benign lesions may also lack
basal cells or show expression of AMACR.32 34

PROSTATIC DUCTAL ADENOCARCINOMA
Definition and morphology
The rare ductal subtype of prostatic adenocarcinoma accounts
for a mere 0.2–0.8% of all prostate cancers as a dominant
pattern.35–37 It is frequently (in up to 3% of prostate cancer
diagnoses) found as a minor component of conventional-type
(acinar) adenocarcinoma. In .80% of prostatic ductal adeno-
carcinomas, acinar adenocarcinoma is found within affected
prostates, usually in close proximity to the ductal component.
Tumour cells have abundant, frequently amphophilic, but
occasionally clear, cytoplasm. Consistent with the features of
large duct epithelium, the columnar neoplastic cells form a
pseudostratified epithelium, often lining papillary structures
with true fibrovascular cores (fig 3).38 39 Nuclei are large, mostly
elongated or oval, and often contain a single macronucleolus.
In some cases, there are numerous mitoses. Cytological atypia
ranges from minimal to marked, the former making diagnosis

particularly difficult on needle biopsy. Within a given tumour,
multiple architectural patterns may be present. These range
from a strikingly papillary appearance, with slender fibrovas-
cular cores resembling endometrial carcinoma; to cribriform,
making the distinction between cribriform PIN and cribriform
pattern 3 carcinoma challenging; to solid, which, when
circumscribed and round, is indistinguishable from solid or
comedo-type Gleason pattern 5 acinar adenocarcinoma. Most
ductal adenocarcinomas are equivalent to Gleason pattern 4,
but, in the presence of comedo-type necrosis, they are classified
as Gleason pattern 5.39 40 Occasionally, the ductal component
can be comprised solely of well-circumscribed cribriform nests
equivalent to Gleason pattern 3. Ductal adenocarcinoma can
often be found growing within prostatic ducts (intraductal
spread) with or without regional invasion. As a consequence,
and further confusing accurate interpretation, a given needle
core may demonstrate ductal adenocarcinoma growing along
prostatic ducts with demonstrable basal cells, although this
finding is (fortuitously) rare in isolation.

Prostatic ductal adenocarcinoma was once thought to be
derived from the verumontanum (a müllerian duct remnant),
and, because of its morphological resemblance to the endome-
trium, it was historically known as endometrial (or endome-
trioid) carcinoma.38–42 The tumour has since been shown to
resemble acinar adenocarcinoma with regard to clinical
behaviour, including response to orchiectomy, and ultrastruc-
tural characteristics. Further findings have disproved the
postulated origin in the verumontanum and, as a consequence,
the endometrial reference has been abandoned.42–44 Given their
morphological and immunohistochemical similarities, ductal
adenocarcinoma is thought either to derive from prostatic duct
epithelium (histogenetic view) or to acquire its morphology
through differentiation of acinar luminal cells into tumour
cells, with the morphology of central or transition zone duct
epithelium surrounding the urethra (transdifferentiation).
Although controversy still remains, prostatic ductal adenocar-
cinoma seems now to be accepted as a pathological entity
distinct from conventional (acinar) adenocarcinoma.45

A B

C D

Figure 2 Some architectural patterns of
PIN: (A) tufted, (B) micropapillary, (C)
cribriform and (D) comedo-type PIN.
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Architectural variants of prostatic ductal
adenocarcinoma
Papil lary variant
The papillary pattern of ductal adenocarcinoma has a dis-
tinctive papillary architecture with papillary fronds supported
by true fibrovascular cores. This is in contrast to the
pseudopapillary fronds sometimes seen in micropapillary PIN,
which do not contain true fibrovascular cores.6 Papillae are
lined by tall columnar cells forming a single pseudostratified
layer reminiscent of endometrial carcinoma.38 39 Although
initially considered unique to prostatic ductal adenocarcinoma,
conventional type acinar carcinoma has also been shown to
variably display papillary architecture within peripheral foci at
an incidence 10 times that of the reported incidence of ductal

carcinoma.46 This finding has brought under scrutiny the very
existence of ductal adenocarcinoma (particularly when found
peripherally), the details of which will be discussed later.

Other variants
The cribriform pattern of ductal adenocarcinoma is more
commonly seen in peripheral foci, although it is certainly seen
centrally. The cribriform pattern is characterised by large
lumen-spanning cell masses perforated by glandular structures
forming round, elongated oval and/or slit-like lumena.
Recently, a number of cases of cystic ductal adenocarcinoma
of the prostate have been described (fig 4), occurring both in
the central and in the peripheral zones of the prostate.47 An
‘‘individual gland’’ pattern has also been described, charac-
terised by single glands with a malignant-appearing pseudos-
tratified tall columnar epithelium.36 48 Finally, ductal
adenocarcinoma has been reported to represent the carcino-
matous component of rare prostatic carcinosarcomas.49

Clinical relevance
When symptomatic, ductal adenocarcinoma most commonly
presents with urinary obstruction and/or haematuria, as a
consequence of the friable exophytic papillary lesion that it
commonly forms within the prostatic urethra. Accordingly,
ductal adenocarcinoma is frequently diagnosed at transurethral
resection or visualised at the time of cystoscopy. Needle
biopsies, which preferentially sample the peripheral zone of
the gland, have historically yielded low rates of ductal
adenocarcinoma. Although it is thought to be related to its
more central location, ductal adenocarcinoma (when it
represents the dominant lesional morphology) is less reliably
flagged by digital rectal examination screening strategies, and a
predictive correlation with serum PSA levels has proved
difficult to ascertain. It has been postulated that the unpre-
dictable PSA correlation results from the readily available
prostatic duct excretion pathway rather than attenuated
production of PSA by the tumour cells. Anecdotally, advanced
cases of ductal adenocarcinoma have been found to correlate

A B
Figure 3 Core biopsy with ductal
adenocarcinoma. (A) At high power (B) the
lining by pseudostratified tall columnar
epithelial cells can be appreciated.

Figure 4 Cystic variant of ductal adenocarcinoma of the prostate, located
in the peripheral zone. Papillary formations lined by tall columnar cells
protrude in the cyst.

Table 2 Histopathological criteria to distinguish prostatic lesions with ductal morphology

Morphological criteria PIN Intraductal carcinoma Ductal carcinoma

Size of glands/ducts Normal—distended Markedly distended Large duct-like structures
Lumen spanning Occasional Required Yes
Basal cells Yes Yes, disrupted Rarely
Columnar No Occasionally Yes
Papillary structures No No Occasionally
Cribriform pattern Yes Frequently Frequently
Central necrosis No Occasionally Occasionally
Severe nuclear atypia Rare Occasionally Occasionally
Maturation effect Yes Occasionally No
Stromal haemosiderin No No Occasionally

PIN, prostatic intraepithelial neoplasm.
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with elevated serum PSA.39 With the dramatic increase in
prostate needle biopsies after the advent of PSA screening, and
even more so with the initiation of extensive sampling (.10
cores) at low PSA levels, ductal adenocarcinoma is nowadays
likely to be diagnosed on needle biopsy specimens more
frequently. At the University Health Network, Toronto,
Ontario, Canada, of the nine cases of ductal carcinoma between
2002 and 2005, four were identified at needle biopsy. When
diagnosed in needle biopsies, it is more often associated with an
unfavourable prognosis, as reflected in its Gleason grade 4.39

THE CONTROVERSY
The nomenclature of focal ductal adenocarcinoma confined to
the peripheral zone is controversial, and, given the tumour’s
resemblance to acinar adenocarcinoma with ductal (papillary
and cribriform) features and the frequent coexistence of acinar
and ductal morphology within prostate cancers, some pathol-
ogists hold firm that a central location is the only specific
criterion for diagnosis of ductal adenocarcinoma. Furthermore,
the central location is associated with its distinct clinical
symptomatology (late rise in serum PSA, urinary obstruction,
negative digital rectal examination).46 Thus, inclusion of
peripheral zone prostate cancers with ductal morphology
within the entity of ‘‘ductal adenocarcinomas’’ would eliminate
the practicality of subcategorisation. In our opinion, and
others,50 ductal carcinomas should be considered a mere
morphological variant of prostatic adenocarcinoma, and not
as a separate entity. Further substantiating this opinion, foci of
carcinoma with papillary features are frequently found at the
periphery of the prostate and even in prostate cancer foci within
extraprostatic adipose tissue (fig 5). Ductal morphology may
simply be a consequence of the availability of space for exuberant
papillary growth. A consensus has not yet been reached with
regard to the reporting of isolated foci of carcinoma with ductal
morphology in the peripheral zone. We believe that the clinical
relevance of subcategorisation of such peripheral foci is moot, as
these lesions are designated high grade using currently accepted
Gleason grading criteria, and evidence to support alternate
treatment or follow-up strategies does not exist.

Differential diagnosis
Conventional-type (acinar) adenocarcinoma
The distinguishing feature of ductal adenocarcinoma is the
finding of circumscribed papillary and/or cribriform duct-like

structures lined by tall columnar cells with ample cytoplasm
(table 2).39 Some ductal adenocarcinomas show extensive
fibrosis and heavy deposits of haemosiderin pigment—an
observation that is extremely rare in pure acinar adenocarci-
nomas.39 It may also be problematic to separate the pseudohy-
perplastic variant of prostatic adenocarcinoma51 from ductal
carcinoma, as the neoplastic cells in the pseudohyperplastic
variant of adenocarcinoma also have a columnar appearance
with abundant cytoplasm. However, true papillary structures
and duct-like structures are not found in the latter variant.
Immunohistochemical markers are not useful for this differ-
ential diagnosis.

Rectal carcinoma
The identification of a prostate-localised carcinoma charac-
terised by tall columnar cells should always raise the suspicion
of direct extension of rectal carcinoma with prostatic involve-
ment. The presence of mucin, the absence of PSA and PAP
immunostaining, in addition to the generally intense and
diffuse expression of carcinoembryonic antigen (CEA) and
caudal type homeobox transcription factor 2 (CDX2) by rectal
carcinoma, should permit the straightforward distinction of
these two histologically similar malignancies.52 53

Verumontanum hyperplasia
Some ductal adenocarcinomas may show minimal cytonuclear
atypia. When such a lesion is encountered at prostate needle
biopsy, it may be difficult to separate this lesion from
hyperplasia of the verumontanum (fig 6), particularly when
associated with papillary formations.54 A combination of
immunohistochemistry using basal cell markers and H&E
cytonuclear features may be helpful, because verumontanum
hyperplasia, a benign entity, shows continuous basal cell
staining and bland nuclear features. Careful examination at
multiple levels may be required for accurate differentiation.
AMACR immunostaining in ductal adenocarcinoma (and an
absence of staining in verumontanum hyperplasia) may also
help to delineate the two.

Immunohistochemistry
Currently, no specific marker exists to separate ductal
adenocarcinomas from conventional acinar adenocarcinoma.
In virtually all cases, the neoplastic cells of ductal adenocarci-
noma are at least focally PSA and PAP positive.36 42 Tumour
spread frequently occurs through existing ducts, with or
without stromal invasion, and, as a result, some cases of
obvious ductal adenocarcinoma can have residual basal cells
with continuous or interrupted staining by high molecular
weight cytokeratin or p63.55 The proliferation associated marker
Ki-67 has been used by some authors to differentiate ductal
adenocarcinoma from PIN; they claim that ductal adenocarci-
nomas have a much higher proliferative rate than (lumen
spanning) cribriform or papillary PIN with no overlap.56

Immunohistochemical staining with a-methylacyl-CoA race-
mase/P504S (AMACR/P504S) staining is comparable to other
forms of prostatic adenocarcinoma, and is of no use in
differentiating ductal adenocarcinomas from PIN or conven-
tional (acinar) adenocarcinoma.32

INTRADUCTAL CARCINOMA
Definition and morphology
Perhaps more controversial than the concept of ductal
adenocarcinoma is the ‘‘entity’’ known as intraductal carci-
noma, which is presented as a unifying theory to explain the
morphologically malignant lumen-spanning lesions within
prostatic ducts and acini of prostatic epithelial origin, including
prostatic ductal adenocarcinoma.8 57 Morphologically, intraduc-
tal carcinoma is defined as well-circumscribed lesions bound by

Figure 5 Focus of ductal adenocarcinoma located in the extraprostatic
adipose tissue.
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an intact basal cell layer (figs 7 and 8) distended by overtly
malignant-appearing epithelial populations. These lumen-
spanning lesions are found almost exclusively in close
proximity to invasive cancer (table 2).9 On the other hand,
the more common architectural variants of PIN (tufted and
micropapillary) are frequently multifocal, occurring commonly
in isolation or at a distance from invasive carcinoma.

McNeal and Yemoto9 described two separate compartments
within the luminal masses constituting intraductal carcinoma:
a perimeter compartment containing epithelial cells forming a
ring approximating the periglandular stroma, and a central
compartment. It is postulated that the central compartment
represents a distinct population of cells that have attained the
ability to survive without requiring intimate stromal–epithelial
interactions. This is analogous to Gleason patterns 4/5
carcinoma, which (cribriform Gleason pattern 3 aside) are the
sole architectural patterns found in malignant foci-containing
cells bound by other malignant cells without stromal contact.
The perimeter compartment, arguably indistinguishable from
those found in high-grade PIN, always displays prominent
cytonuclear abnormalities, whereas the neoplastic cells of the
central compartment are cytologically different, and are often
bland in appearance. Three patterns of intraductal carcinomas
have been described, predominantly based on the architecture
of the inner cell masses, including those with trabecular or
cribriform architecture (fig 9), and those composed of solid
masses of neoplastic cells (fig 10). In both the trabecular and
cribriform patterns, the neoplastic cells in the central compart-
ment may show a putative ‘‘maturation’’ effect. This ‘‘matura-
tion’’ effect is characterised by a reduction in nuclear size and
cytonuclear atypia as compared with the cells in the perimeter.
The solid pattern is characterised by a solid intraductal or intra-
acinar cell plug. In this pattern, the demarcation of the
perimeter cells is lost, and a higher degree of cytonuclear
atypia (enlargement and pleomorphism) is generally encoun-
tered. The solid pattern also commonly gives rise to central
comedo-type necrosis. Comedo-type necrosis is occasionally
also seen in the cribriform pattern of intraductal carcinoma.

According to some authors, intraductal carcinoma may differ
from PIN in its limited response to androgen deprivation.
Whereas PIN shows loss of cytonuclear atypia, including the
disappearance of prominent nucleoli,58 after androgen depriva-
tion, Montironi et al59 reported that lesions with the morphology
of intraductal carcinoma are refractory to this effect.

Relationship with PIN and invasive carcinoma
Based on the cytological and histological findings showing
similarities in intraductal cell masses and the surrounding
invasive components, McNeal and Yemoto9 have postulated
that intraductal carcinoma represents the intraductal spread of
frankly invasive carcinoma. The ability to survive within
prostatic ducts and without stromal–epithelial interactions
enables the tumour to involve and traverse the length of
prostatic ducts, thereby resulting in rapid growth and diffuse
prostatic involvement. Another compelling argument cited by
these authors was the nearly exclusive localisation of intra-
ductal carcinoma within and in the near vicinity of the overtly
invasive carcinoma. This view is further substantiated by the
published prognostic significance of intraductal carcinoma,
most notably the reduction in time to progression after radical
prostatectomy.29 60–62

It has also been suggested that intraductal carcinoma could
represent a progression from PIN, acquiring the ability to span
the lumen, and, hence, growth along duct lumena.9 This
hypothesis is supported by the finding of isolated intraductal
foci in close proximity to PIN, in addition to the cytological
similarities with PIN, seen within the perimeter component of

Figure 6 Verumontanum with papillary structures, lined by an outer layer
of basal cells and an inner layer of columnar cells.

Figure 7 Lesion with ductal morphology, distended by a cribriform mass
of dysplastic cells.

Figure 8 Immunohistochemical staining for basal cells (high molecular
weight cytokeratin), depicting the outer contour of the distended duct filled
with a cribriform mass of dysplastic cells.

Intraductal lesions of the prostate gland 861

www.jclinpath.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.2006.043224 on 19 January 2007. D
ow

nloaded from
 

http://jcp.bmj.com/


intraductal carcinoma. Furthermore, patterns of immunohisto-
chemical staining for the androgen receptor within PIN are
mirrored by the perimeter component of intraductal carci-
noma.63

In their 2000 paper on the distinction between intraductal
carcinoma of the prostate, high-grade PIN and invasive
carcinoma, Dawkins et al64 describe the molecular character-
istics of intraductal carcinoma foci discordant from both high-
grade PIN and invasive carcinoma. This was shown by
quantifying loss of heterozygosity for 12 polymorphic micro-
satellite markers, known to be frequently lost in prostate
cancer, within foci of PIN, intraductal carcinoma, and Gleason
pattern 3 and 4 invasive carcinomas. For the purpose of their
study, cribriform Gleason pattern 3 carcinoma and cribriform
PIN were considered to be cribriform pattern intraductal
carcinoma. The findings demonstrated allelic loss in 60% of
intraductal carcinoma foci, in 29% of Gleason pattern 4 cancers,
in 0% of Gleason pattern 3 cancers and in 9% of PIN foci.
Further complicating their conclusions, specific loci of allelic
loss were dissimilar between foci of Gleason pattern 4
carcinoma and intraductal carcinoma within the same speci-
men. These findings suggest that intraductal carcinoma is
distinct or at least far removed from PIN, and, even more
puzzling, that intraductal carcinoma may represent a popula-
tion of cells distinct from Gleason pattern 4 carcinoma,
implying a de novo origin of this lesion. Nevertheless, the
study does provide molecular evidence to separate intraductal
carcinoma from the more common patterns of PIN, in that the
former are more similar to Gleason pattern 4 carcinomas with
respect to their extent of allelic loss.

Clinical relevance
Supporting the earlier findings of McNeal and Yemoto,9 Wilcox
et al and Rubin et al61 62 showed high-grade cribriform PIN
(meeting the criteria by McNeal and Yemoto for diagnosis of
intraductal carcinoma) to be an independent predictor of poor
prognosis with a reduction in time to, and increased frequency
of, disease progression after radical prostatectomy. They also
showed an association with increased cancer volume and
tumours of higher Gleason score. Notably, these studies
advocating intraductal carcinoma as an entity separate from
PIN are all based on prostatectomy data, and have as such been
subject to criticism with respect to clinical bias. Adversaries of
this view consider it impossible to reliably diagnose intraductal

carcinoma, and argue that its diagnosis would not result in
altered patient management. A recent paper on 27 isolated
cases of intraductal carcinoma diagnosed at needle biopsies has
profoundly challenged this view.65 These authors formulated a
number of criteria to distinguish conventional PIN from
intraductal carcinoma; in the six cases treated by prostatect-
omy, a high-grade prostate cancer was detected, whereas three
of the patients not treated by prostatectomy developed bone
metastases.

As mentioned earlier, the recommendations for the follow-up
management of isolated PIN have changed recently,22 25

lengthening the time to repeat biopsy to 1 year. This effectively
increases the importance of reporting intraductal carcinoma as
an entity distinct from PIN, lest men with evidence of invasive
carcinoma be permitted to progress during the time to follow-
up. Diagnosis of ‘‘intraductal carcinoma’’ on a needle biopsy in
the absence of an associated invasive component in the same
set of biopsies is believed by some pathologists to be invariably
associated with invasive disease elsewhere in the prostate.65

This notion brings into question whether patients with a
diagnosis of intraductal carcinoma should be subject to repeat
biopsy to prove the existence of invasive disease. A repeat

Figure 9 Distended trabecular lesion with ductal morphology, the lumen
of which is largely comprised of neoplastic cells. Note the absence of
maturation of the central, largely solid component. An outer rim composed
of basal cells is present.

Figure 10 Distended duct, filled with a mass of dysplastic cells. The
optically empty space surrounding the dysplastic cell mass is suggestive of
intraductal spread.

Figure 11 Prostate needle biopsy with distended ducts filled with atypical
cells with urothelial morphology, representing the intraductal spread of a
urothelial cell carcinoma. A basal cell layer forms the outer rim of the duct.
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biopsy to provide a definite diagnosis of invasive disease may
thus not be necessary if the stringent criteria for ‘‘intraductal
carcinoma’’ are fully met. These criteria are defined as the
presence of at least one lumen-spanning lesion with substantial
duct distension showing severe nuclear atypia involving the
neoplastic cells in the centre of the duct. The realists among us,
however, given the vanishingly rare frequency of such stringent
findings isolated from frankly invasive disease, realise that the
invasive nature of repeat biopsy as compared with radical
prostatectomy favours strongly the former. These authors
submit that stringent criteria should be relaxed somewhat in
favour of designating all patients with lesions suspicious for
intraductal carcinoma as candidates for early re-biopsy. In the
rare event that intraductal carcinoma is encountered in a
prostate biopsy with a Gleason pattern 3 adenocarcinoma as the
only invasive component, it should be considered that this
generally indicates the presence of associated high-grade
(Gleason pattern 4 or 5) carcinoma elsewhere within the
prostate. We recommend that the pathologist should add a
comment to the report mentioning that the presence of
intraductal carcinoma is invariably associated with a high-
grade carcinoma component. Upgrading a prostate cancer with
unequivocal comedo-type necrosis within a focus of intraductal

carcinoma with concomitant Gleason pattern 3 carcinoma to a
Gleason score 8 (3 + 5) adenocarcinoma might be considered.

A recent study polled subspecialty genitourinary pathologists
on their reporting practices with respect to lesions fitting the
above-stated criteria for intraductal carcinoma.66 In all, 44% of
pathologists polled currently reported intraductal carcinoma;
27% reported PIN with atypical features and 20% simply
reported said lesions as PIN. One wonders what the urologist
would infer from a diagnosis ‘‘PIN with atypical features’’? It is
obvious that clear guidelines are needed for reporting lesions
with this morphology.

Differential diagnosis
Cribriform lesions
Cribriform lesions of the prostate encompass a spectrum from
entirely benign to high-grade malignancy. Table 3 outlines the
differential diagnostic criteria of each of these cribriform
lesions. Current guidelines stipulate that lumen-spanning
cribriform lesions with demonstrable basal cell layers are
designated PIN. Cribriform PIN represents about 5% of isolated
PIN found in biopsies of asymptomatic men,22 26 and PIN with
this architectural pattern was not found by all authors to be
related to an increased risk of subsequent prostate cancer.22 25 It
remains to be seen whether (within the set of cribriform PIN) a
subset of lesions that represent intraductal carcinoma— for
example, those with substantial luminal distension and/or
substantial cytonuclear atypia—can be identified with suffi-
cient reliability. As yet, no specific markers exist to solve this
issue, and it might therefore be recommended to report this
kind of lesion as intraductal carcinoma (table 2). In our
opinion, lesions with identifiable central comedo-type necrosis
and/or neoplastic cells with clear-cut nuclear atypia present
within the central compartment of distended ducts lined by
scattered basal cells should not simply be reported as PIN, but
as intraductal carcinoma (figs 9 and 10). The diagnosis of the
rather uncommon pure variant of cribriform adenocarcinoma
of small size observed in a needle biopsy specimen requires a
demonstrable absence of a basal cell layer using immunohis-
tochemical markers like p63 and/or high-molecular-weight
cytokeratin.

Ductal adenocarcinoma
Rarely, lesions with ductal morphology, comprised of tall
columnar cells with severe cytonuclear atypia, may be
encountered, with occasional scattered basal cells in their
lining. This finding will prompt a differential diagnosis between
ductal adenocarcinoma and intraductal carcinoma. In this case,
it is justified to make a diagnosis of ductal adenocarcinoma. If,
however, a relatively continuous lining of basal cells is present,
a certain degree of reluctance is understandable in making a
definitive diagnosis of invasive carcinoma. Clinicians should be
warned of the high likelihood of adjacent invasive disease, and
repeat biopsy targeting the area in question is strongly
recommended.

Immunohistochemistry and molecular markers
The same markers that can be used to distinguish PIN from
benign glands and ducts on one hand from adenocarcinoma on
the other also apply to intraductal carcinoma. Recently, a
translocation involving the androgen-regulated transmembrane
proteinase, serine (TMPRSS) gene and the transcription factors
ets and erg was reported to occur in the majority of prostatic
adenocarcinoma, but only in a small proportion of PIN.67 68 If
the results of these recent findings hold true, the demonstration
of a cancer-specific translocation may represent the first genetic
marker able to help distinguish PIN from intraductal adeno-
carcinoma.

Take-home messages

N The view that ductal adenocarcinoma represents a
separate category of prostatic adenocarcinoma is not
supported by strong morphological, molecular or clinical
evidence. This warrants grouping ductal adenocarcino-
mas with (conventional-type) acinar adenocarcinomas.

N Using stringent morphological criteria, intraductal carci-
noma can be distinguished in needle biopsies from the
other architectural variants of prostatic intraepithelial
neoplasia of less clinical significance (table 2).

N The (rare) finding of isolated intraductal carcinoma in
needle biopsies should prompt early repeat biopsy and/
or treatment.

N When intraductal carcinoma is found in conjunction with
a Gleason pattern 3 carcinoma, a comment should be
added to the pathological report stating that intraductal
carcinoma is invariably associated with high-grade
(Gleason pattern 4 or 5) adenocarcinoma.

Table 3 The spectrum of lesions with a cribriform
appearance

Lesion
Basal
cells

Cytonuclear
features

Distension of
duct Outline of duct

Hyperplasia Present Bland None or
slight

Smooth

H-PIN Present Nucleoli None or
slight

Smooth

Intraductal
carcinoma

Present Nucleoli Distended Smooth

Grade 3
adenocarcinoma

Absent Nucleoli Slight Smooth

Grade 4
adenocarcinoma

Absent Nucleoli Distended Irregular, or
outpouchings

Ductal
adenocarcinoma

Absent,
rare

Nucleoli, tall
columnar cells

Distended Often smooth

H-PIN, high-grade prostatic intraepithelial neoplasm.
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UROTHELIAL CELL CARCINOMA INVOLVING
PROSTATIC DUCTS (PRIMARY OR SECONDARY)
Definition and morphology
Primary urothelial cell carcinoma of the prostate may arise from
the prostatic urethra or from the urothelial lining of the larger
periurethral prostatic ducts. More commonly, secondary invol-
vement of prostatic ducts by urothelial carcinoma of the
bladder is the consequence of propagation of carcinoma in situ
by pagetoid spread.69 Urothelial cell carcinomas involving the
prostate are most often diagnosed in transurethral resections of
the prostate, and occasionally in prostate needle biopsies
(fig 11).70 Because most cases represent high-grade (non-
papillary) carcinomas, they show the morphology of typical
carcinoma in situ of the bladder—that is, severe nuclear
changes with hyperchromasia and anisonucleosis. They may
also show squamous differentiation. Tumour cells may fill the
lumen of the prostatic ducts and central necrosis may occur,
giving the picture of comedo-type necrosis.70 Occasionally,
pagetoid spread of neoplastic urothelial cells within the
prostatic ducts may be identified. Pagetoid spread is seen as
atypical cells (either single or in small nests) interspersed
within the benign epithelial lining of the prostatic ducts.

Clinical relevance
If involvement of prostatic ducts by urothelial cell carcinoma is
found on prostate needle biopsy, the primary origin of the
cancer within the urinary bladder and/or urethra needs to be
established. The demonstration of prostatic stromal invasion by
urothelial carcinoma cells carries an unfavourable prognosis.

Immunohistochemistry
Urothelial cell carcinoma shows an intense and diffuse
expression of cytokeratin 7 and, to a lesser extent, p63, but
not of PSA or PAP. This should allow their distinction from
neoplastic lesions of prostatic origin in virtually all cases.71
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