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Abstract
Papillary neoplasms of the breast are a heterogeneous group of epithelial tumors nearly entirely composed of papillae. Their
classification rests on the characteristics of the epithelium and the presence and distribution of the myoepithelial cells along
the papillae and around the tumor. Papillary neoplasms of the breast can be diagnostically challenging, especially if only
core needle biopsy (CNB) material is available. This review summarizes salient morphological and immunohistochemical
features, clinical presentation, and differential diagnoses of papillary neoplasms of the breast. We include a contemporary
appraisal of the upgrade rate to carcinoma (invasive carcinoma and ductal carcinoma in situ [DCIS]) and atypical
hyperplasias in surgical excision specimens obtained following CNB diagnosis of papilloma without atypia, and a review of
the available follow-up data in cases without immediate surgical excision.

Introduction

Most papillary neoplasms of the breast occur in women, but
men can also be affected [1]. The majority of papillary
neoplasms in men and in postmenopausal women are
malignant.

A papillary neoplasm consists predominantly of papillae.
Each papilla has a fibrovascular core covered by epithelium
with or without a myoepithelial cell (MEC) layer, depend-
ing on the type of tumor. The characteristics of the epi-
thelium determine whether a papillary neoplasm is benign,
atypical, or carcinoma. Assessing the presence and dis-
tribution of the MECs in a papillary neoplasm is also
important for classification and may require immunohisto-
chemical stains with a panel of MEC markers, including
p63, calponin, and/or smooth muscle myosin heavy chain.
P63 may stain scattered epithelial cells in some papillary
carcinomas [2, 3].

Papillary neoplasms of the breast can be diagnostically
challenging. They accounted for 9 and 17% of all expert

pathology consultation cases in two series [4, 5], and were
the second most frequent type of consultation cases after
borderline atypical ductal proliferations at one center [5].

Papillary neoplasms of the breast include: intraductal
papilloma (IDP) with or without atypia, papillary ductal
carcinoma in situ (papillary DCIS), encapsulated papillary
carcinoma (EPC), solid-papillary carcinoma (SPC), and
invasive papillary carcinoma (IPC) [6] (Table 1—WHO
classification of papillary neoplasms).

Herein we provide a summary outline of the morphology
and immunohistochemical profile of papillary neoplasms,
with emphasis on novel information. We also include a
contemporary assessment of the management of asympto-
matic IDP without atypia diagnosed at radiology–pathology
concordant core needle biopsy (CNB), with discussion of the
upgrade rate to carcinoma and long-term imaging follow-up
without excision. Given that at most centers the management
of IDP without atypia diagnosed at CNB is trending toward
clinical and imaging follow-up without excision, we also
discuss the differential diagnosis of IDP and possible
pitfalls.

Intraductal papilloma

IDP is the only benign papillary neoplasm of the breast. It
consists of fibrovascular cores covered by non-atypical
ductal epithelium and myoepithelium (Fig. 1). IDP can be
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single or multiple, central/subareolar or peripheral. Central
single IDPs are more common than multiple peripheral
IDPs, probably because they are more frequently sympto-
matic [7].

A single central IDP typically presents with unilateral
clear nipple discharge, rarely as palpable mass, and is
most common in pre- and perimenopausal women. Ultra-
sound examination is the best imaging modality to
detect an IDP, which usually appears as a well-defined,
smooth-walled cystic lesion with or without a solid com-
ponent. Rarely, galactography is required to identify a
symptomatic IDP that is mammographically and sono-
graphically occult.

Histologically, an IDP is attached to the inner wall of a
cystic duct through a stalk that further branches into smaller
papillae. Sclerosis of the stalk and fibrovascular cores may
distort the papillae and mimic stromal invasion. IDP is the
only papillary neoplasm with a continuous layer of MECs
along the papillae and around the dilated duct/cyst that
contains it. The epithelium is benign without atypia, and
often shows UDH and apocrine metaplasia. Molecular
studies showed that most IDPs are monoclonal epithelial
proliferations with activating point mutations in the
PIK3CA/AKT1 pathway [8, 9].

Intraductal papilloma with ADH or DCIS

Foci of ductal epithelial atypia may sometimes be present in
an IDP. The same criteria used in the evaluation of intra-
ductal epithelial proliferations are used to assess ductal
atypia in an IDP, but a 3 mm size cutoff is used to separate
ADH and low-grade DCIS [6]. Immunohistochemical stains
for MEC antigens, estrogen receptor (ER), and basal cyto-
keratins (CK5, CK5/6, CK14, and 34βE12) can be used to
assess the presence and extent of ductal epithelial atypia in
an IDP [10–12] (Fig. 2).

Atypical papilloma (ADH in a papilloma or papilloma
with ADH)

If ADH is present in an IDP, it is reported as such. Atypical
IDP or IDP with ADH are equivalent and acceptable terms
[6] (Table 1).

The term atypical papilloma does not include IDP with
ALH [6]. Although the relative risk of subsequent carci-
noma associated with ALH is comparable to that of ADH,
the surgical management of these two high risk lesions is
significantly different. In particular, the diagnosis of IDP
with ALH in CNB material with radiology–pathology
concordance may not warrant surgical excision.

Lewis et al. compared the long-term follow-up (F/U) of
women with IDPs (single or multiple, with or without
atypia) in breast excision specimens with the F/U of a
control group of women with or without atypia and no IDPs
[7]. The risk of carcinoma [expressed as standardized
incidence ratio (SIR)] associated with a single IDP without
atypia was similar to the risk of proliferative changes (SIR
2.04 vs. 1.90, respectively), but was slightly higher for
patients with multiple IDPs without atypia (SIR 3.01). In
the same study, IDPs with atypia (including ADH and/or
ALH) had slightly increased risk compared to ADH and/or
ALH not associated with IDPs (SIR 5.11 vs. 4.17, respec-
tively). Multiple IDPs with atypia were associated with the
highest risk of subsequent carcinoma (SIR 7.01). In this
study, none of the patients with IDP and only ALH devel-
oped breast carcinoma at F/U.

Fig. 1 Intraductal papilloma
without atypia on core biopsy.
A Core biopsy of an intraductal
papilloma without atypia.
B A continuous layer of
myoepithelial cells is present
along the fibrovascular cores and
there is no evidence of atypical
epithelial hyperplasia (triple
stain: brown chromogen= p63,
CK5, and CK14; red
chromogen= CK7 and CK18).

Table 1 Classifcation of Papillary Neoplams of the Breast (World
Health Organization, 5th edition, 2019).

Intraductal papilloma (IDP)

Without atypia

ADH in papilloma/atypical papillomaa

DCIS in papilloma

Papillary ductal carcinoma in situ (papillary DCIS)

Encapsulated papillary carcinoma (EPC)

Solid-papillary carcinoma (SPC)

In situ

With invasion

Invasive papillary carcinoma (IPC)

aA papilloma with atypical lobular hyperplasia (ALH) is reported as
such and managed accordingly. A papilloma with ALH should not be
classified as “atypical papilloma”.
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DCIS in intraductal papilloma

An atypical ductal proliferation with high or intermediate
nuclear grade in an IDP qualifies as DCIS regardless of size.
The diagnosis of low nuclear grade DCIS in an IDP requires
a low-grade ductal proliferation spanning at least 3 mm [6].
DCIS may be limited to the IDP or also involve the adjacent
breast parenchyma.

DCIS in an IDP should not be confused with papillary
DCIS, which is entirely carcinomatous and consists of
papillae devoid of MECs, while IDP with DCIS has a
continuous layer of MECs along the papillae.

While in most prior studies the diagnosis of IDP with
ADH or DCIS also included IDPs without atypia present
near foci ADH or DCIS, the terminology endorsed by the
WHO 2019 Expert Panelists is intended only for IDP with
ADH or DCIS.

Carcinomas associated with intraductal papilloma

Rarely invasive carcinomas may arise in association
with an IDP without any epithelial atypia. In particular,
fibromatosis-like metaplastic spindle cell carcinoma
[13–15] and low-grade adenosquamous carcinoma [16]
have been described in this setting.

Fibromatosis-like spindle cell carcinoma is composed of
spindle cells with low-grade nuclear atypia and incon-
spicuous cytoplasm, and this morphology accounts for at
least 95% of the tumor [6, 15, 17]. “Epithelioid” spindle
cells with dense eosinophilic cytoplasm are usually present,
and may form linear arrays that mimic capillary vessels.
Scattered mitoses are identified. The diagnosis of
fibromatosis-like spindle cell carcinoma requires evidence
of epithelial origin, such as an associated low-grade inva-
sive carcinoma with frankly epithelial morphology
accounting for no more than 5% of the tumor, and/ or low-
grade DCIS, and/or expression of epithelial antigens in the
neoplastic spindle cells [6].

Low-grade adenosquamous carcinoma consists of infil-
trating angular glands composed of epithelium and myoe-
pithelium, squamous cysts and small squamous clusters
with low-grade nuclear atypia. Scattered mitoses and
apoptotic cells are also present [6, 16]. Immunohisto-
chemical staining for MEC markers yields a pattern of
complete, partially complete or absent staining around the
neoplastic glands, while the squamous nests are uniformly
positive for p63 [6, 18]. The infiltrating glands and squa-
mous nests are usually surrounded by myofibroblasts in a
lamellar arrangement parallel to the major axis of the epi-
thelial structures. The combination of glands and squamous

Fig. 2 Atypical papilloma on core biopsy (initially misclassified as
intraductal papilloma without atypia). A Core biopsy of a partially
fragmented papillary lesion. The epithelium is focally expanded. The
fibrovascular cores vary slightly in size, and some are more fibrotic,
while others are inconspicuous. B Immunohistochemical staining with
ER shows strong and diffuse positivity of the epithelium throughout

the papillary lesion and highlights the expanded and focally cribriform
areas. C Immunohistochemical staining with CK5/6 shows linear
distribution of the myoepithelium along the fibrovascular cores and at
the periphery of the papillary lesion, but most of the ER-positive
epithelium is CK5/6-negative. These findings support the diagnosis of
atypical intraductal papilloma, which warrants surgical excision.
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nests surrounded by cellular stroma and infiltrating between
normal ducts and lobules is helpful to differentiate this
tumor from benign mammary sclerosing lesions.

Any type of invasive carcinomas may also arise in the
setting of IDP with ADH or DCIS or may develop near an
IDP and involve it secondarily.

Management of intraductal papilloma without
atypia diagnosed at core needle biopsy

In the past, all papillary lesions diagnosed at CNB under-
went F/U surgical excision. Currently, surgical excision is
routinely recommended for all papillary lesions with ductal
atypia or carcinoma in CNB material, regardless of
radiologic–pathologic concordance, and for all papillary
lesions with discordant imaging and pathologic findings.

In the last decade, the management of patients with IDP
without ductal atypia diagnosed at CNB has been the sub-
ject of intense investigation. Many series reporting the
upgrade rate to carcinoma (invasive carcinoma or DCIS) at
follow-up (F/U) excision have been published, but all stu-
dies have been retrospective and have not always included
detailed information regarding radiologic–pathologic con-
cordance, introducing possible bias. A recently published
multi-institutional prospective study reported a low rate
(<2%) of upgrade to carcinoma at excision of asympto-
matic and concordant IDP [19].

Surgical excision: upgrade rates to carcinoma and atypical
hyperplasias

Based on studies with upgrade rates ranging between 5 and
10%, some investigators have recommended surgical exci-
sion for all IDPs diagnosed at CNB, regardless of atypia or
radiology–pathology concordance [20–25]. However, some
of the cases with upgrade in these series were described as
radiology–pathology discordant, which by itself would
mandate excision. In other studies, the investigators asses-
sed radiologic–pathologic concordance of each case or of
all the cases that yielded carcinoma at excision and exclu-
ded from the analysis those that were deemed discordant
[26–45]. The upgrade rates in these series ranged between 0
and 6.6%, leading the investigators to conclude that surgical
excision of concordant IDPs without atypia is not required,
and imaging follow-up is a suitable alternative.

Most of the upgrades at excision of IDP without atypia
have consisted of DCIS, with only few invasive carcinomas
(Table 2). Parameters found to be significantly associated
with upgrade included clinical symptoms (nipple discharge
and/or a palpable mass), large size of the lesion (>1–1.5
cm), contralateral breast carcinoma, multifocality and
peripheral location. Older age was significantly
associated with upgrade to carcinoma in some series

[26, 32, 37, 39, 40, 46]. Investigators have also compared
the upgrade rate following stereotactic CNB versus
vacuum-assisted CNB and found that the latter CNB
modality to be preferable, as it correlates with low to no
upgrade at excision [38, 41, 47].

Based on analysis of these studies, nowadays asymp-
tomatic radiology–pathology concordant IDPs without
atypia are not excised at most centers, but they are fol-
lowed with sonographic imaging. Excision is still
recommended for IDPs without atypia with imaging size
larger than 1.0 or 1.5 cm. Small (<2 mm) “incidental”
IDPs (so called “micropapillomas”) do not require exci-
sion, as they are not associated with upgrade to carcinoma
[32, 44, 48, 49]. Although these guidelines have been
endorsed by the American Society of Breast Surgeons
[50], they are not followed uniformly and many IDPs are
still excised regardless of radiologic–pathologic con-
cordance. A recent survey of breast radiology practices at
academic teaching centers accredited by the Society of
Breast Imaging found that surgical excision of IDP
without atypia was recommended at 16 (39%) of 41 sur-
veyed institutions, short interval follow-up at 7 (17%),
return to screening at 4 (10%), and case-by case man-
agement at 14 (34%) [51].

Atypical epithelial proliferations (including ADH, ALH,
and classic LCIS) are present in up to 20% of the surgical
excision specimens of asymptomatic IDP without atypia
diagnosed at CNB (Table 2). Based on these findings, some
investigators have suggested that excision of IDP could
benefit those women who are found to have atypical lesions
on excision, as they can be prescribed tamoxifen or aro-
matase inhibitors to reduce the risk of breast carcinoma and/
or they can undergo more frequent imaging studies,
including magnetic resonance imaging evaluation.

IDPs without atypia and imaging follow-up: subsequent
ipsilateral carcinomas and atypical hyperplasias

Because in the past most IDPs diagnosed at CNB were
excised, very few IDPs without atypia have been followed
only with imaging studies. These cases were probably
selected as having a low risk of upgrade due to small size of
the imaging target or its complete removal by CNB, or
because of patient’s preference or comorbidities. The length
of available imaging F/U also varies in different studies.
Therefore, information regarding ipsilateral carcinomas in
patients with IDPs without atypia that did not undergo
immediate excision is very limited and intrinsically biased
(Table 3).

However, even considering all these limitations, the
number of patients who developed ipsilateral carcinomas
appears to be low. In one study [52] 114 IDPs diagnosed at
ultrasound-guided vacuum-assisted biopsy were followed
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for a period of 2–81 months. Seventeen lesions were
excised, including 14 that showed changes in the sono-
graphic size or shape. Four of the 17 excisions yielded
carcinoma, which consisted of two papillary DCIS (both
excised at 4 months F/U), one EPC with microinvasion
(excised at 4 months F/U), and one papilloma with DCIS
(excised at 12 months F/U). The crude rate of carcinoma in
this study was 3.5%, comparable to the rate of upgrade to
carcinoma for cases with immediate surgical excision.
(Note: an additional case of invasive carcinoma with
papillary DCIS was also identified, but the authors did not
interpret it as a true upgrade because the index core biopsy
showed only a micropapilloma. Based on these findings the
index core biopsy of this case likely was discordant). Some
of the patients with excision during imaging F/U were
found to have atypical hyperplasias, but the number of
patients found to have atypia is substantially lower com-
pared to patients with atypia in surgical excisions performed
soon after the index CNB (Table 3).

It is worth noting that most of the carcinomas diagnosed
at immediate surgical excision or during imaging F/U were
papillary (Tables 2, 3). It is possible that some individuals
may be predisposed to develop multiple and biologically
different papillary lesions of the breast. On the other hand,
the high frequency of papillary carcinomas in patients with
CNB diagnosis of IDP could also be secondary, at least in
part, to misclassification of some IDPs without atypia in the
CNB material. Notably, in the study by Nakhlis et al. [19],
central pathology review did not confirm the original
diagnosis of IDP without atypia in 31/116 (27%) of enrolled
cases. Given that the management of radiology–pathology
concordant IDP without atypia diagnosed at CNB is
trending toward imaging F/U without excision, it is even
more critical for pathologists to be well acquainted with the
diagnosis of IDP without atypia and its implications for
patient management.

Differential diagnosis of intraductal papilloma

The differential diagnosis of IDP without atypia includes
IDP with ADH or DCIS, papillary DCIS, solid-papillary
carcinoma in situ (SPC in situ), and EPC. Because IDP is
the only papillary neoplasm with a continuous layer of
MECs along the papillae, immunohistochemical stains for
MEC markers are particularly useful in supporting the
diagnosis of IDP. In addition, immunohistochemical stains
for ER and basal-type keratins can be used to assess the
presence and extent of epithelial atypia or carcinoma (see
also differential diagnosis of papillary DCIS, EPC, and SPC
in situ).

The differential diagnosis of IDP (with or without atypia)
also includes tumors that are not entirely papillary but often
have a papillary component, such as adenomyoepitheliomaTa
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(AME), tall cell carcinoma with reversed polarity (TCCRP),
fibroepithelial tumors with polypoid fronds, radial scar/
sclerosing lesions with focal papillary architecture, nipple
duct adenoma, hidradenoma papilliferum, and eccrine
acrospiroma.

Adenomyoepithelioma (AME) is a biphasic
epithelial–myoepithelial neoplasm [53]. AMEs frequently
have papillary foci and can closely resemble IDPs histolo-
gically. Genetically, most ER-positive AMEs harbor acti-
vating point mutations in the PIK3CA/AKT1 pathway akin
to IDPs [54], suggesting that the two neoplasms may be
closely related. Based on these findings, one could hypo-
thesize that the expression of ER in a biphasic
epithelial–myoepithelial papillary neoplasm favors its clas-
sification and management as IDP but at present there is no
definitive statement to support this conclusion [6]. Most
ER-negative AMEs, which can be associated with triple
negative carcinomas, harbor HRAS Q61R or Q61K muta-
tions in combination with PI3KCA or PIKR1 mutations
[54]. Presently, the differential diagnosis of IDP and AME
remains challenging (Fig. 3), particularly if only CNB

material is available. The diagnosis of AME mandates
surgical excision while only imaging follow-up will be
recommended for IDP without atypia.

Tall cell carcinoma with reversed polarity (TCCRP)
consists predominantly of solid nests, but a few papillae
may be present. The tumor cells are columnar and have
round to oval nuclei with grooves and intranuclear cyto-
plasmic inclusions. The nuclei are located toward the apical
aspect of the cells (reversed cell polarity), a feature most
evident in the cells at the periphery of the solid nests or
around the fibrovascular cores. Although many papillary
carcinomas of the breast may have focal tall cell morphol-
ogy, or areas suggestive of reversed cell polarity and
nuclear stratification [55], these morphologic features are
present throughout the tumor and correlate with pathogno-
monic molecular alterations only in TCCRP. Especially in
CNB material, TCCRP may resemble an IDP with UDH
histologically and immunohistochemically, because it is
positive for CK5/6 and shows nuclear staining for ER in a
low percentage (0–10%) of the cells. However, TCCRP is
composed of monotonous cells with low-grade nuclear

Fig. 3 Atypical adenomyoepithelioma (initially misclassified as
intraductal papilloma without atypia). A Surgical excision of a large
papillary lesion within a cystic space. The tumor consists of large
sclerotic fibrovascular cores (right) adjacent to a more solid and
papillary proliferation (left). B Immunohistochemical staining with
CK5/6 shows strong and diffuse positivity both within the cellular
component of the tumor (left) and along the sclerotic fibrovascular
cores (right). This solid and uniform staining pattern with CK5/6 is
incompatible with the diagnosis of intraductal papilloma without
atypia and suggests an atypical basaloid epithelial and/or myoepithelial
proliferation. C High magnification view of the sclerotic fibrovascular

cores shows epithelial and myoepithelial cells. The epithelial cells
have enlarged nuclei and prominent nucleoli, an atypical finding in this
context (similar findings were also present in the more solid area).
D The biphasic composition of the lesion is confirmed with a triple
stain. (brown chromogen= p63, CK5, and CK14; red chromogen=
CK7 and CK18). The tumor cells showed very minimal to absent
expression of the estrogen receptor (not shown). This biphasic tumor
was initially classified as intraductal papilloma with usual ductal
hyperplasia, but the morphologic and immunohistochemical findings
support the diagnosis of atypical adenomyoepithelioma.
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atypia and lacks MECs (Fig. 4). TCCRP is driven by
pathogenic mutations of IDH2 (See [53] for detailed
information on the molecular alterations immunohisto-
chemical profile of TCCRP).

Fibroepithelial neoplasms with focal polypoid fronds,
such as fibroadenomas or benign phyllodes tumors, may
sometimes raise the differential diagnosis of IDP, parti-
cularly if only CNB material is available. Usually IDP
tends to have papillae with a more complex arborescent
pattern and more pronounced UDH, while the pseudopa-
pillary fragments of a fibroadenoma or benign phyllodes
tumor tend to be few and are wider in size and not
branching.

Radial scar, complex sclerosing lesions, and nipple duct
adenoma (florid papillomatosis of the nipple) are benign
proliferative and sclerosing lesions that often have papillary
areas and may resemble sclerosing IDPs.

Some benign skin adnexal tumors may present as
superficial nodules in the breast or axilla and mimic IDP.
Hidradenoma papilliferum resembles IDP histologically, as
it has papillary architecture and consists of epithelial and
MECs. It shares the same genetic alterations as IDP and
may be an IDP-related neoplasm [56]. Eccrine acrospiroma
(also known as nodular or poroid hidradenoma) may arise in
the skin near the nipple or even deep into the breast.

Histologically, it is a solid and papillary neoplasm com-
posed of varying proportions of clear and polygonal cells,
mucinous cells, and columnar to cuboidal cells forming
ductule-like structures. It lacks MECs and usually is nega-
tive for ER and PR, and diffusely positive for p63 and CK5/
6. Eccrine acrospiroma is a benign neoplasm genetically
unrelated to IDP [57]. Examples of eccrine acrospiroma
arising in the breast have been misclassified as IDP, atypical
IDP, and IPC.

In addition to mammary and skin adnexal neoplasms, the
differential diagnosis of IDP also includes benign epithelial
proliferations that may be focally papillary, such as usual
ductal hyperplasia or apocrine metaplasia as well as
papillary-appearing infoldings of the duct wall at a
branching point.

All papillary neoplasms, including IDP, are intrinsi-
cally fragile and may have areas of hemorrhage, infarction
or necrosis, especially following fine needle aspiration or
CNB. When dealing with an infarcted/necrotic papillary
neoplasm of the breast, sometimes immunohistochemical
stains for keratins (i.e., CK7 and AE1:AE3), ER, and
MEC antigens may unveil the architecture and cell com-
position of the tumor, aiding its classification. In this
setting, only a positive stain that is consistent with the
usual staining pattern of the specific antigen tested may

Fig. 4 Tall cell carcinoma with reversed polarity on core biopsy
(initially diagnosed as sclerosing papilloma with usual ductal
hyperplasia). A Core biopsy of a papillary lesion consisting of an
epithelial proliferation with sclerotic and hyalinized fibrovascular
cores. (Not shown: the epithelial cells composing the tumor were
monotonous, showed reversed polarity, and had nuclear grooves and
intranuclear inclusions; see images representative of tall cell carcinoma
with reversed polarity in [53]). B Immunohistochemical staining with
CK5/6 shows patchy positivity in the epithelium, but there is no

staining along the fibrovascular cores, indicative of the absence of
myoepithelium. C Immunohistochemical stain with ER highlights rare
epithelial cells. D A p63 immunohistochemical stain shows that the
tumor is devoid of myoepithelium and highlights only the myoe-
pithelial cells of a small entrapped benign duct. These findings are
incompatible with the diagnosis of intraductal papilloma with usual
ductal hyperplasia and support a diagnosis of tall cell carcinoma with
reversed polarity as long as the tumor cells show the characteristic
morphologic features.
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be interpreted with some confidence (Fig. 5). Displace-
ment of malignant or benign epithelial clusters into the
stroma is especially common after CNB of papillary
neoplasms, including IDP [58], and may mimic stromal
invasion.

Papillary DCIS

Papillary DCIS is a ductal carcinoma covering fibrovascular
cores devoid of myoepithelium, but contained within a duct
surrounded by MECs [6]. The nuclear grade of the epithe-
lium composing the papillary DCIS determines the grade of
the DCIS. Papillary DCIS may occur in isolation or as one
of the various architectural patterns in a case of DCIS.

Information on the frequency and clinical features of
papillary DCIS alone is limited, as until 2012, when EPC
was formally recognized as a separate neoplasm [59],
papillary DCIS and EPC were often reported together as
intracystic papillary carcinoma [3, 60, 61]. Papillary DCIS
is the most common type of DCIS in males [1].

A dimorphic variant of papillary DCIS was described in
1994 by Leftkowitz et al. [60]. Dimorphic papillary DCIS is
composed of cells with conventional ductal morphology
and of cells with round to oval shape (“globoid cells”). The
nuclei of conventional and globoid carcinoma cells are

morphologically similar, and the nuclear grade usually is
high or intermediate. The “globoid cells” are located
between the conventional-appearing carcinoma cells and the
basement membrane, in a position usually occupied by
MECs. Leftkowitz et al. [60], however, stated that the
“globoid cells” were not MECs because they did not
express S100 and SMA. Papillary dimorphic DCIS is very
rare, and has not been reevaluated using a contemporary
panel of myoepithelial markers.

The differential diagnosis of papillary DCIS and EPC is
discussed in the section dedicated to EPC. The management
of papillary DCIS is the same as for DCIS with the same
nuclear grade and ER status.

Encapsulated papillary carcinoma

EPC tends to occur in postmenopausal women and may
occur in men. Clinically, EPC usually presents as a retro-
areolar palpable mass with or without bloody nipple dis-
charge. It appears sonographically as a round to oval
circumscribed mass and may have a cystic component.
Histologically EPC is a papillary ductal carcinoma with low
to intermediate nuclear grade. It lacks MECs along the
papillae and around the tumor, but is often surrounded by a
thick fibrous capsule [6].

Fig. 5 Infarcted intraductal papilloma. A Surgical excision of a
large infarcted and necrotic papillary tumor within a cystic duct. The
outlines of the papillary fronds can still be appreciated despite the
extensive infarction and necrosis. B, C Immunohistochemical staining
with CK5/6 shows patchy positive staining in the infarcted tumor. The
myoepithelium around the cystic duct containing infarcted papillary

neoplasm appears as a continuous layer (B). Immunohistochemical
staining for CK5/6 highlights the continuous layer of myoepithelium
in a non-infarcted area of the papilloma and shows it extending along
the infarcted papillae. Taken all together, the immunohistochemical
findings in this case support the diagnosis of infarcted intraductal
papilloma.
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EPC is a variant of IPC with a blunt front of invasion, but
it is classified separately from other IPCs because it has an
indolent behavior, more akin to DCIS. The diagnosis of
invasive carcinoma associated with EPC requires unequi-
vocal evidence of invasive carcinoma beyond the fibrous
capsule of the EPC. Thorough sampling of the interface of
the EPC with the adjacent breast tissue is recommended to
rule out an associated invasive component, which usually
consists of invasive carcinoma of no special type (NST) or
may be invasive cribriform carcinoma [62], mucinous car-
cinoma, or tubular carcinoma. Invasive carcinoma asso-
ciated with EPC is diffusely ER- and PR-positive and HER2
negative, with no ERBB2 amplification. Staging of invasive
carcinoma associated with EPC is based on the invasive
component alone, and the size of the EPC should not be
included. In the absence of frank invasion beyond the
fibrous capsule, EPC is staged as in situ carcinoma (pTis)
and managed accordingly.

EPC has genetic alterations similar to those of low-grade,
ER-positive invasive carcinoma NST, and a comparable
rate of PIK3CA mutations.

The differential diagnosis of EPC includes papillary
DCIS, SPC in situ, IPC, as well as papilloma, papilloma
with ADH, and papilloma with DCIS. Papillary DCIS and
EPC often co-exist and may be difficult to distinguish.
Ducts involved by papillary DCIS are surrounded by MECs
and tend to be smaller than the nodules of EPC, which are
completely devoid of myoepithelium. Solid growth may be
present focally in an EPC, raising the differential with SPC
in situ, but it never constitutes the main architectural pat-
tern; carcinoma arranged in a cribriform pattern is often
present in the spaces between the fibrovascular cores. In
addition, EPC does not show neuroendocrine differentia-
tion, which is common in SPC. Some IPC may have a
rounded contour and mimic EPC, but they usually lack a
fibrous capsule, have higher nuclear grade, high mitotic rate
and are triple negative or HER2-positive. Given its cir-
cumscription and low nuclear morphology EPC sometimes
may also raise the differential diagnosis of IDP with or
without ADH or DCIS, especially in CNB material or when
the tumor is infarcted (Fig. 6). Immunohistochemical
stains for MECs, ER and CK5/6 may be used in these
settings to assess the presence of MECs and the extent of
ductal atypia.

Solid-papillary carcinoma

Similar to EPC, SPC tends to occur in postmenopausal
women and may occur in men [1, 63]. Clinically it presents
as a palpable breast mass, a mammographic mass/abnorm-
ality, and/or with bloody nipple discharge. Imaging studies
of SPC in situ show a round and circumscribed mammo-
graphic opacity and a solid, well-defined, hypoechoic or

sonographically heterogeneous mass. SPC with invasion
may appear as a mass with irregular borders or architectural
distortion.

SPC encompasses in situ and invasive carcinomas with a
solid growth pattern arranged around inconspicuous fibro-
vascular cores. SPC often expresses neuroendocrine anti-
gens (such as chromogranin and synaptophysin), but
neuroendocrine differentiation is not required for the
diagnosis.

In the past, invasive SPC and SPC in situ were often
diagnosed together as “SPC invasive and in situ”, without
specifying the extent of the invasive component. Diag-
nostic criteria to separate SPC in situ and SPC with invasion
have been outlined in the 2019 WHO Classification of
Tumors of the Breast [64].

SPC in situ consists of expansive, round to oval, solid
and papillary nodules of carcinoma. The cells may have
columnar, round to oval, or spindle cell morphology and
usually show mild to moderate nuclear atypia. The nuclear
chromatin is fine and granular, and nucleoli are incon-
spicuous. The tumor cells often are distributed in a pali-
sading arrangement along the fibrovascular cores [65–69].
No MECs are present along the papillae of SPC in situ, but
MECs usually surround the ducts that contain it. In accor-
dance to the diagnostic criteria agreed upon by the WHO
experts [6], SPC consisting of nests and nodules with
smooth and regular outline and a distribution pattern con-
sistent with an in situ process, is also classified as SPC
in situ, regardless of the presence of MECs [6].

In addition to SPC with invasion, the differential
diagnosis of SPC in situ usually includes IDP with UDH
and EPC. The nuclei of SPC are atypical, have no grooves
and intranuclear cytoplasmic inclusions, which are com-
monly seen in UDH. In addition, the nests of SPC with
spindle cell morphology are composed of uniformly aty-
pical cells. SPC is diffusely and strongly positive for ER,
and does not express basal cytokeratins such as CK5/6,
while UDH in an IDP has only sparse ER-positive cells
and scattered positivity for CK5/6 with a characteristic
“checkerboard” pattern [70]. Rarely, especially in CNB
material, classic or florid LCIS involving an IDP may also
mimic SPC in situ, as both carcinomas may be composed
of plasmacytoid cells and have intracytoplasmic mucin.
Extracellular mucin is often associated with SPC, but it is
infrequent near LCIS. The cells of florid LCIS do not
express E-cadherin and beta-catenin and show diffuse
cytoplasmic staining for p120. In addition, an IDP
involved by LCIS has a continuous layer of MECs along
the papillae, while SPC in situ (or invasive) does not.

SPC with invasion is composed of strands or large
clusters of tumor cells infiltrating into the stroma. The
invasive carcinoma may have neuroendocrine morphol-
ogy and/or differentiation or consists of hypercellular
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mucinous carcinoma (mucinous carcinoma type B) [71].
As a reminder, extracellular stromal mucin is not diag-
nostic of mucinous carcinoma unless it contains single
cells or clusters of carcinoma. The invasive component of
SPC may also have solid-papillary architecture, and
consist of clusters and nests of different size and shape,
with irregular or scalloped edges, directly abutting the
adipocytes or distributed in an haphazard pattern that
cannot be accounted for by SPC in situ involving pre-

existing normal ducts and lobules. Rarely, invasive SPC is
associated with invasive carcinoma of NST, lobular, cri-
briform, or tubular carcinoma patterns [69]. Usually, SPC
with invasion is ER and PR-positive, HER2 negative/
ERBB2 not amplified.

Molecular alterations in SPC include copy-number aberra-
tions (16q losses, 16p and 1q gains), PIK3CA mutations (in
~40% of cases), and expression of genes related to neu-
roendocrine differentiation (RET, ASCL1, and DOK7) [72, 73].

Fig. 6 Encapsulated papillary carcinoma with infarction. Two
separate cases are shown. A Core biopsy of a fragmented papillary
tumor. The epithelium covers some of the fibrovascular cores and is
also present as many small detached hyperchromatic clusters. Some of
the fibrovascular cores were infarcted. This core biopsy had originally
been interpreted as intraductal papilloma with infarction, but the
fragmented nature of this sample and the hyperchromasia and frag-
mentation of the epithelial clusters are suspicious for a papillary car-
cinoma, which is how this case was reported later. Surgical excision
yielded an encapsulated papillary carcinoma (not shown). B–E are
images of metachronous tumors from the same patient. B Surgical
excision of an infarcted papillary neoplasm. The necrotic tumor has a
papillary architecture and is surrounded by a thick fibrous capsule.

C A magnified view of the tumor in (B) shows focal viable atypical
epithelium closely juxtaposed to the fibrous capsule and focally
extending into it. The tumor in (B, C) was originally diagnosed as an
infarcted papilloma, but the nuclear atypia and the arrangement of the
epithelium are most consistent with an infarcted encapsulated papillary
carcinoma. D, E Two years later, the patient developed a breast mass
at the same site. The recurrent neoplasm resembles the prior tumor and
has a thick fibrous capsule (D). The epithelial proliferation has low to
intermediate grade nuclear atypia (E). These findings support the
diagnosis of recurrent encapsulated papillary carcinoma. Focal inva-
sive carcinoma was also present (not shown). Six years later the patient
developed bone metastases.
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Only SPC with invasion is used to determine the tumor
stage, Nottingham grade, and ER, PR, and HER2 status.
Overall, SPC appears to have an excellent prognosis [74].

Invasive papillary carcinoma

IPC of the breast is rare. It consists entirely of fibrovascular
cores covered by neoplastic epithelium with a frankly
invasive growth pattern [75] MECs are absent along the
papillary stalks and at the periphery of the tumor. Usually
no fibrous capsule surrounds the tumor. IPC usually has
moderate to high nuclear grade and is graded according to
the Nottingham grading system. Most IPCs are ER, PR, and
HER2 negative [76]. There is limited to no follow-up
information on IPC but given its high grade morphologic
features, it is regarded as having poor prognosis [76].
Accordingly, any papillary carcinoma with high nuclear
grade that is HER2-positive or triple negative is classified as
IPC, even if it has a round and apparently circumscribed
outline that could be suggestive of EPC, as the latter has a
favorable prognosis [75]. Rarely, focal DCIS is present near
IPC. In the absence of DCIS, the differential diagnosis of an
IPC in the breast should include metastasis from a non-
mammary carcinoma, such as metastases of ovarian serous
carcinoma, which is usually positive for PAX-8 and ER,
and negative for GATA3 and/or SOX10, while a mammary
IPC is usually negative for PAX-8, and positive for GATA3
or SOX10.

Conclusions

The diagnosis of papillary neoplasms of the breast can be
challenging, and knowledge of their morphologic features
and possible differential diagnoses is necessary to ensure
accurate patient management.

The prognosis of most papillary carcinomas of the breast
varies, but tends to be good overall, except for IPCs.

In general, all papillary lesions diagnosed at CNB require
surgical excision, except IDP without atypia. As the man-
agement of asymptomatic IDP without atypia diagnosed at
radiology–pathology concordant core biopsy is shifting
towards imaging follow-up without immediate surgical
excision, pathologists need to be familiar with the diagnosis
of IDP without atypia and its differential diagnoses and also
be cognizant of the need to assess ductal epithelial atypia in
a papilloma with the aid of immunohistochemical markers
in challenging cases.
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