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Abstract

Triple-negative breast carcinomas constitute a wide spectrum of lesions, mostly being highly aggressive. Nevertheless, some
special histologic subtypes can have low malignant potential. The purpose of the present paper is to review diagnostic criteria and
prognostic parameters of breast neoplasms of special histotypes. Specifically, adenoid cystic carcinoma, adenomyoepithelioma,
acinic cell carcinoma, mucoepidermoid carcinoma, tall cell carcinoma with reverse polarity, and secretory carcinoma will be
discussed. For each tumour, definition and morphological and molecular features, together with prognostic parameters, will be

presented. Paradigmatic cases will be illustrated.

Keywords Triple-negative breast carcinoma - Adenoid cystic carcinoma - Adenomyoepithelioma - Acinic cell carcinoma -
Mucoepidermoid carcinoma - Tall cell carcinoma with reverse polarity - Secretory carcinoma

Introduction

Triple-negative breast carcinomas (TNBCs) are invasive
breast carcinomas lacking oestrogen receptor (ER) or proges-
terone receptor (PR) expression and HER2 amplification. The
term TNBC has acquired an ominous meaning as in most of
the cases it refers to poorly differentiated breast carcinomas,
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with highly aggressive behaviour. Normal breast glands are
composed of different cells, not all expressing hormone recep-
tors but all of them having the ability to transform into malig-
nant tumours of varying clinical behaviour. Therefore, even if
rarely, TNBC of low malignant potential can occur [1].
Despite the attention toward these histologic subtypes has
grown in the last decade, knowledge on TNBC of low malig-
nant potential is still limited due to their rarity. Lack of knowl-
edge can result in inappropriate treatment.

The purpose of the present paper is to review the recent
literature on TNBC of low malignant potential, focusing on
diagnostic criteria and prognostic features. The main features
of each tumour are summarized in Table 1.

Tumours with epithelial and myoepithelial
differentiation

Adenoid cystic carcinoma (AdCC)

AdCC is an invasive carcinoma composed of epithelial and
myoepithelial cells, arranged in tubular, cribriform and solid
structures [2]. It is morphologically similar to the salivary
gland counterpart, but of low malignant potential when affect-
ing the breast.

AdCC affects mainly adult and elderly women, but on rare
occasions can affect young and male patients (review in ref.
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[3]. It presents more frequently as a single, palpable nodule
located in the retroareolar region.

The increased use of screening mammography has led to
the detection of small forms arising in all breast quadrants. On
very rare occasions AdCC can be multifocal [4].

AdCC presents as a mass with regular margins, which can
be misdiagnosed as fibroadenoma on imaging [5].

Pre-operative diagnosis can be challenging, if the possibil-
ity of a salivary gland-like carcinoma is not kept in mind.
Fine-needle aspiration cytology can be difficult to interpretate,
characterized by basaloid cells surrounding hyaline globules
with a microcystic pattern. The differential diagnosis between
AdCC and collagenous spherulosis can be very difficult and
requires histology [6, 7]. Pre-operative diagnosis based on
core needle biopsy (CNB) can be made based on the same
criteria applied on surgical specimens with the aid of
immunohistochemistry.

On histology, breast AACC can exhibit three different sub-
types, with prognostic impact [2].

AdCC classic variant (C-AdCC) (Fig. 1). Most frequently shows
cribriform architecture with glandular spaces surrounded by ep-
ithelial cells and pseudo-glandular spaces lined by myoepithelial
cells. Peripheral areas with tubular architecture can be seen.
Necrosis is absent and mitotic figures are rare. Perineural inva-
sion is rare. On immunohistochemistry, markers of basement
membrane such as collagen IV and laminin highlight the content
of the pseudovascular spaces. Epithelial and myoepithelial
markers are useful to show the biphasic nature of the tumour.
CD117 is usually diffusely positive especially staining the epi-
thelial cells. Strong and diffuse MYB expression by immunohis-
tochemistry can be used to support a diagnosis of AdCC, report-
ed in 65-100% of the cases [8—10].

AdCC solid-basaloid variant (SB-AdCC) (Fig. 2). In addition to
the classic AdCC features, it is composed of solid areas, with
nuclear atypia and high mitotic count [11]. Necrosis and peri-
neural invasion are frequently detected [12].

AdCC with high-grade transformation (HG-AdCC) Very rare
cases of AdCC associated with different types of cancer have
been reported [13]. The carcinomas associated with AdCC are
frequently aggressive types, such as small cell carcinoma [14],
invasive carcinoma of no special type [15]. In addition, rare
cases of AdCC associated with adenomyoepithelioma (AME)
have been reported [16].

In situ AdCC Intraductal component of AdCC has been origi-
nally reported and illustrated by Rosen [17] as a polypoid
intraductal growth.

Molecular data Breast AACC is usually devoid of ER/PR ex-
pression or HER2 amplification. In a minority of cases, rare
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epithelial cells can express ER [18]. Vranic et al. demonstrated
that AdCC can express a rare ER isoform, namely ER-x36
[19]. Recently, Yigit et al. [20] reported androgen receptor
positivity in 7 cases of breast AdCC. The therapeutic value
of these findings has yet to be investigated.

On molecular analyses breast AACC frequently harbours
MYB-NFIB fusion gene or MYBLI rearrangements or MYB am-
plification. These alterations can activate downstream signals that
are potentially therapeutic targets [21]

Recently an unusual case of AACC with adipocytic differ-
entiation carrying BRAF mutation has been reported [22].

Most of the published data are based on C-AdCC. More
recently, Mass¢ et al. [23] compared 16 cases of C-AdCC with
17 cases of SB-AdCC by RNA-seq expression analysis, dem-
onstrating 549 genes having a differential expression profile.
Most importantly, NOTCH and CREBBP mutations were only
detected in SB-AdCC. Notch signalling pathway can be a
potential therapeutic target.

C-AdCC should be differentiated from several lesions. C-
AdCC with prominent cribriform architecture can be easily
differentiated from cribriform carcinoma of the breast as the
latter is strongly and diffusely ER positive and lacks positivity
for myoepithelial markers. The distinction between AdCC and
collagenous spherulosis (CS) of the breast can be more chal-
lenging. CS is a benign condition, characterized by spherules
of basement membrane in association with florid epiheliosis/
usual ductal hyperplasia. Diffuse and strong positivity for sev-
eral myoepithelial markers, together with absence of CD117
and MYB positivity favour the diagnosis of CS [24, 25].

C-AdCC with tubular growth pattern should be differenti-
ated from microglandular adenosis (MGA) [26]. AdCC tubu-
lar variant is composed of epithelial and myoepithelial cells,
both being evident by the application of appropriate immuno-
histochemical markers, at variance with MGA that is com-
posed of epithelial cells only.

SB-AdCC can simulate neuroendocrine carcinoma. The dif-
ferential diagnosis can be easily made based on immunohisto-
chemistry as neuroendocrine markers are completely negative in
SB-AdCC. Differentiation from conventional TNBC could be
more difficult, and the diagnosis of SB-AdCC should be based
on the presence of at least focal features of C-AdCC, strong and
diffuse expression of MYB by immunohistochemistry or MYB-
NFIB rearrangement by FISH [27].

The prognosis of AdCC mostly depends on the stage at pre-
sentation and AdCC variants. C-AdCC usually carries a good
prognosis, despite the triple-negative phenotype. Almost all stud-
ies but one [28] demonstrated that C-AdCC recurrences or pro-
gression to metastases are exceedingly rare. Nevertheless, care
should be taken to radically excise AACC. We observed a case of
C-AdCC recurring as HG-AdCC after 11 years. An 84-year-old
woman presented in 2008 with a 5.5-cm tumour mass affecting
the left breast. After the diagnosis of C-AdCC, the patients
underwent surgery. The tumour was excised, but the margins
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Fig. 1 C-AdCC; a the central
component of the tumor shows
the typical cribrifom architecture,
while in the peripheral part the
tubular achitecture predominates.
b AdCC with tubular architecture
is composed of glands lined by
epithelial and myoepithelial cells.
The glands contain mucous or
basal membrane. ¢ C- AdCC with
cribriform architecture is
composed of neoplastic nests
showing glandular structures
containing mucous and of
pseudoglandular spaced
containing basal membrane
invaginations (arrows); d The
epithelial cells are CD117
positive; e p63 highlights the
presence of myoepithelial cells in
the tubular areas

were not clear. Due to the advanced age of the patient and low
malignant potential tumour, a wait and see approach was ad-
vised. In 2019, 11 years later, the patient presented with a huge
tumour mass, involving the whole residual breast. On histology
the AdCC showed features of SB-AdCC and of HG-AdCC, in
addition to features of C-AdCC (Fig. 1, Supplementary
materials).

Therefore, radical surgery is considered the treatment of
choice. Recurrences and metastases can occur in SB-AdCC
[2, 3, 12].

The prognosis of AACC with associated other types of
carcinoma depends mainly on the associated malignancy.

Adenomyoepithelioma and its malignant counterpart
Adenomyoepithelioma (AME), first described by Hamperl in

1970 [29], is a rare biphasic neoplasm characterized by the
proliferation of ductal epithelial cells and myoepithelial cells

[2]. Since the original description, numerous papers on AME
have been reported [30]. Nevertheless, due to its rarity, most
papers were single case reports or small series. Only rare stud-
ies were based on series larger than 15 cases (Table 1 in
supplementary files).

AME predominantly affects elderly women over 60 years
and is rarely seen in males [31]. It usually presents as a solitary
palpable mass or as screen detected small nodule. It can arise
in the retroareolar region [2]. Rare cases of multicentric AME
have been reported [32]. Mammography reveals round or oval
mass with lobulated margins, sometimes associated with
rough heterogeneous calcifications [33]. Ultrasound identifies
hypoechogenic lesions. MRI exhibits isointensity on TIW1
and high signal intensity on T2W1 [34].

AME diagnosis can be very difficult on fine-needle aspira-
tion cytology and sometimes it can simulate fibroadenoma. A
more accurate diagnosis can be rendered on core needle biop-
sies [35].

@ Springer
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Fig. 2 SB-AdCC; a at low power view it is composed of multiple solid
neoplastic nests; b at higher power the neoplastic nests are composed of
markedly atipical cells, necrosis is often present; ¢ SB AdCC is composed

Macroscopically, AMEs are solid, well-circumscribed, of-
ten multi-lobulated lesions. Some AMEs have a papilloma-
tous component with focal cystic change and calcification. On
the other hand, malignant AMEs (AME-M) are not well-
circumscribed and larger tumours [36].

On histology, AME exhibits a variable morphological
spectrum. Diagnosis is based on the classical proliferation of
both epithelial and myoepithelial cells.

The correlation between histological variants and progno-
sis is controversial.

Aspects of difficult interpretation may be encountered,
which are summarized as follows:

Classical AME (C-AME) is the best known and illustrated
form. It is characterized by glands lined by a double cell
layers, the inner epithelial layer and the outer myoepithelial
layer (Fig. 3). Based on architectural and cytological features,
AME can be subdivided into: spindle cell, tubular, lobulated,

@ Springer

of cells with markedly atipica nucleus and scanty cytoplasm that must be
differentiated from neuroendocrine carcinoma; d Neoplastic cells are
diffusely CD117 positive; e Nuclear positivity for MYC

papillary, and mixed [2, 30, 36-38]. Myoepithelial cells can
have spindle shape or epithelioid appearance with clear cyto-
plasm. Apocrine, squamous, or sebaceous metaplasia can oc-
cur in luminal epithelial cells [36]. The tubular AME is char-
acterized by small glandular structures which can grow by
infiltrating the surrounding tissue. The tubular pattern has
been illustrated in early papers [39, 40] and named as apocrine
adenosis [40].

AME can exhibit a prominent intraductal, papillary, growth
(IP-AME) [38]. IP-AME can grow along the ductal system of a
breast lobe, resulting in a multinodular proliferation.

Atypical AME (A-AME) (Fig. 4): Cytological atypia can be
encountered in both epithelial and myoepithelial components.
Criteria to define cytological atypia in breast AME have not been
standardized. Applying the same criteria used in salivary glands
[41], atypia should be considered when neoplastic cells (both
epithelial or myoepithelial) are 3 times larger than normal cells
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Fig. 3 C-AME; a C-AME with lobulated architecture; b C-AME with and by an outer layer of clear, myoepithelial cells; d C-AME with tubular
intraductal papillary component; ¢ At high power C-AME is composed of architecture: at a variance of MGA, glands are lined by a double cell layer
glandular strucutres lined by a inner layer of eosinophilic epithelial cells

(internal reference used: epithelial cells of normal mammary Mitotically active AME (MA-AME) (Fig. 5). The number of
glands), have larger nucleus with coarse chromatin and irregular ~ mitotic figures is highly variable, ranging from none to more
nuclear contour, nucleolus can be prominent. Cytological atypia ~ than 10 in 10 high-power fields (HPF) (summary in table 2
is more frequently observed in the myoepithelial cells. AAAME  supplementary files). The definition of MA-AME should be
can show features of myoepithelial overgrowth, when the  applied in those C-AME, devoid of any atypia, with a high
myoepithelial cell proliferation is so prominent that it blurs the ~ number of mitotic figures. The prognostic impact of the
epithelial component.

Fig. 5 MA-AME has the same cell composition of C-AME, but presents
coarse chromatin and evident nucleoli. Mitotic figures are frequent frequent mitotic figures

@ Springer
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mitotic count in C-AME is not clear. The AFIP book [42]
suggests that cases with more than 3 mitotic figures in 10
HPF are at higher risk of recurrence. Nevertheless, no clinical
validation has been obtained on this number. Reviewing the re-
ported cases (table 2 supplementary files), a high mitotic count has
been reported mainly in AME with malignant transformation;
therefore, the impact of mitotic count in otherwise C-AME is still
unknown.

Malignant in situ AME (MIS-AME): According to Rakha
etal. [30], MIS-AME should be diagnosed when the epithelial
component of C-AME shows features of ductal carcinoma in
situ. In MIS-AME, the malignant epithelial cells do not invade
the stroma outside the AME mass (Fig. 6).

Conventional ductal or lobular carcinoma in situ can be asso-
ciated with AME, but outside the AME neoplastic mass [43-45].
These latter cases should not be identified as MIS-AME.

Malignant AME (M-AME) (Fig. 7): M-AME is diagnosed
when either luminal epithelial and/or myoepithelial cell com-
ponent becomes malignant. M-AME may develop from a
long-standing C-AME [39] or de novo (Fig. 2
Supplementary files). Cases showing malignant transforma-
tion of both epithelial and myoepithelial cells are named
epithelial-myoepithelial carcinoma [2].

M-AME is diagnosed when it shows marked cytologic
atypia, numerous mitotic figures, necrosis, and infiltrative
growth pattern. On some occasions, M-AME can exhibit a
multinodular growth pattern.

When malignant transformation occurs in the epithelial
component, it can show a great variety of morphological pat-
terns. Specifically, the reported malignant components are
low-grade adenosquamous and sarcomatoid carcinomas
[46], multifocal adenosquamous carcinoma [47], matrix pro-
ducing metaplastic carcinoma, acantholitic variant of squa-
mous carcinoma, carcinosarcoma, spindle cell carcinomas
[48-54], and mucoid carcinoma [46].

Dual differentiation of the neoplasm can be demonstrated
by immunohistochemistry (IHC). Myoepithelial cells express
p63, smooth muscle actin (SMA), cytokeratin 5/6 and 14, and

CD10. Luminal epithelial cells express low molecular weight
cytokerating (Cam5.2, CK7, and CK&8/18). Paradoxical ex-
pression of high-molecular weight cytokeratins in the epithe-
lial component can be observed [55].

Oestrogen or progesterone receptor (ER, PR) can be positive
or negative; Her2-neu is negative. Genetic alterations of AMEs
differ according to their ER status. Oestrogen receptor-positive
AME:s have mutations in phosphoinositide 3-kinase (PI3K) path-
way genes, whereas ER-negative AMEs usually harbour concur-
rent mutations affecting the HRAS Q61 hotspot and PI3K path-
way genes [56—60]. However, a recent ER-positive AME has
been reported presenting both HRAS and PIK3CA mutations
[60]. EGFR gene amplification has been recently reported [58].

Malignant transformation can alter ER expression status in
AME as reported in one case showing ER-positive AME as-
sociated with ER-negative carcinoma [55].

Pleomorphic adenoma, adenoid cystic carcinoma, and low-
grade adenosquamous carcinomas are included in the differ-
ential diagnosis.

Pleomorphic adenoma of the breast similar to AME is a bi-
phasic tumour, characterized by glandular structures lined by a
double cell layers (epithelial and myoepithelial) in
chondromyxoid matrix [2]. At variance with C-AME,
myoepithelial cells in pleomorphic adenoma glands are flat and
not prominent. Both adenoid cystic carcinomas and low-grade
adenosquamous carcinomas have infiltrative growth pattern.
Adenoid cystic carcinomas usually have a cribriform pattern
and basaloid myoepithelial cells. Low-grade adenosquamous
carcinomas typically have abundant desmoplastic stroma and
less myoepithelial component [60]. Nevertheless, all these tu-
mours are part of the spectrum of breast tumours composed of
epithelial and myoepithelial cells; therefore, their features can
merge. Mixed tumours showing features of C-AME associated
with pleomorphic adenoma [31], C-AME and adenoid cystic
carcinoma [61], and C-AME and low-grade adenosquamous
carcinoma [46] have been reported.

C-AME with papillary growth must be differentiated from
benign intraductal papilloma. Intraductal papilloma can show

%

Feots A

Fig. 6 MIS-AME; a malignant transformation of the epithelial componenti is seen; b Smooth muscle actin evidences the myoepithelial cells compressed

by the epithelial proliferation

@ Springer
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Fig. 7 M-AME malignant transformation is evident in both, epithelial and myoepithelial component. a, b at low power view the myoepithelial cells
predominate; ¢ Both epithelial and myoepithelial cells show marked nuclear atypia

focal myoepithelial hyperplasia, therefore rendering this dif-
ferential diagnosis quite subjective and challenging. C-AME
with papillary growth should be diagnosed when
myoepithelial hyperplasia is prominent and diffuse in the
whole lesion. Recently, monoclonal antibodies recognizing
Q61R mutant NRAS and KRAS have been generated and
demonstrated to stain positive in most ER-negative C-AME
[57]. The application of these antibodies, where available, can
be of help in the diagnosis of ER-negative C-AME. If immu-
nohistochemistry is not available, diagnosis should be based
on the presence of prominent myoepithelial layer.

Pure metaplastic carcinoma is the major differential diag-
nosis in de novo M-AME as both can have biphasic compo-
nents. The association with C-AME or A-AME would be the
clue to diagnose M-AME. Another evidence to exclude meta-
plastic carcinoma is HRAS Q61R mutations which occur with
PIK3CA or PIK3RI mutations, recently found to be highly
specific for ER-negative M-AME [56]

C-AMEs have a favourable clinical course. Nevertheless,
local recurrences can occur. Some AMEs with multinodular
growth pattern may have local recurrence. Existence of satel-
lite nodules and peripheral intraductal growth seem to be as-
sociated with recurrence [36]. Rare cases of C-AME devoid of
any atypical features at presentation developed distant

metastases [62, 63]. Thus, most AMEs are cured by complete
surgical resection with clear margins but follow-up should be
advised for all patients with AME.

Other parameter indicating tendency to recur is the infiltra-
tive growth pattern.

AMEs with large size, pure solid growth, myoepithelial
component overgrowth, invasive growth pattern, cytological
atypia, and abundant mitotic activity are suggestive of malig-
nant transformation [30, 36].

M-AME has local recurrence and metastatic potential. The
histologic subtype and the grade of the invasive carcinoma
determine the prognosis. Lung is the most common site of
metastasis followed by liver, bone and brain while lymph
node metastases are rare [30].

Tumours with pure epithelial differentiation
Mucoepidermoid carcinoma (MEC)
Breast MEC is a carcinoma composed of mucoid, epidermoid,

and intermediate cells [2]. It shares the same features of the
salivary gland counterpart.
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Clinical presentation is non-specific. MEC arises in adult
women; any breast quadrant can be affected. It presents as a
nodule, with well-defined margins and cystic component. The
imaging appearance can mimic a benign lesion [64].

Fine-needle aspiration cytology can be difficult to interpret.
In cases of high-grade MEC, the presence of atypical cells
with both glandular and epidermoid differentiation can lead
to the correct diagnosis of carcinoma [65, 66]. Ancillary stud-
ies can help to better specify the tumour histotype. The pre-
operative diagnosis can be made on core needle biopsy. The
most important clue is to keep in mind that salivary gland-like
tumours can occur in the breast.

On histology (Fig. 8), MEC is composed of mucous, inter-
mediate and epidermoid cells. True keratinization with squa-
mous pearls should be excluded.

Breast MEC morphology varies according to the grade.
Grade should be performed either according to the breast
criteria or applying salivary gland criteria [67].

Low-grade MEC usually shows a prominent cystic compo-
nent and well-defined margins. The cysts are lined by mucous
and eosinophilic cells. Mucous cells can, sometimes, have a
signet ring appearance. The neoplastic cells are usually ar-
ranged in nests, with the mucous and eosinophilic cells locat-
ed in the centre and epidermoid cells located at the periphery.
The most peripheral cell layer is composed of basaloid cells.

High-grade MEC shows the same cell composition, but
with higher degree of solid architecture and cytologic atypia.
Necrosis can be present. Atypical mitotic figures are frequent.

Cases of intermediate grade can be encountered.

In situ component can be seen, characterized by an
intraductal papillary proliferation, showing the classical mu-
cous cells intermingled with the epidermoid cells.

Immunohistochemistry can help to demonstrate the
peculiar architecture and cell composition. High-
molecular weight cytokeratins (such as CK14 and
CK5/6) and p63 typically stain the epidermoid and the
basaloid cells located at the peripheral part of the neo-
plastic nests and cysts. Low molecular weight CK (such
as CK7) stains the centrally located mucous and the
eosinophilic cells [64, 67, 68].

Breast MEC can be positive for the anti-mitochondrial an-
tigen [67].

Breast MEC do not express hormone receptors nor have
HER2 amplification.

Salivary gland MEC typically shows CRTCI/MAML?2
translocation. Rare cases of breast MEC were shown to have
MAML2 rearrangements [69—71].

Breast MEC should be differentiated from all other carci-
nomas with divergent, adenosquamous differentiation and
from metaplastic carcinomas with squamous differentiation.

Fig.8 MEC: a Low power view of low-grade mucoepidermoid carcinoma with prominent cystic component; b and ¢ at higher power the cysts are lined

by epithelium with mucoid and epidermoid cells
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Differential diagnosis can be difficult, especially for the high-
grade MEC.

The presence of true keratinization and squamous pearls
should discourage the diagnosis of MEC.

Detection of MAML2 rearrangements can be of help [70]
as they are absent in other breast carcinomas. When molecular
tools are not available, detecting the typical alternation of
cytokeratins (high molecular weight in the peripheral part
and low molecular weight in the central part of the neoplastic
nests) can help.

Prognosis largely depends on MEC grade [72]. Ye et al.
[64] reviewed 41 cases of breast MEC reported in the litera-
ture. Axillary lymph node metastases can occur both in low-
and high-grade MEC, while distant metastases have been de-
scribed in high-grade cases only. None of the low-grade MEC
caused patient’s death, while death occurred in 4 of 11 high-
grade MECs. One case of low-grade MEC recurred with high-
grade transformation [73]; nevertheless, the patient was alive
with no evidence of disease 156 months after presentation.

Acinic cell carcinoma (ACC)

Breast ACC is composed of cells showing features of serous
acinar differentiation, characterized by intracytoplasmic eo-
sinophilic zymogen granules [2].

Clinical presentation is non-specific. ACC affects mainly
adult women, with only 1 male patient reported in the litera-
ture [74]. ACC can arise in any breast quadrants, presenting as
an infiltrative nodule; size varies sometimes reaching large
dimensions [75, 76]. One case of ACC arising in a
fibroadenoma was reported [76].

Pre-operative findings can be difficult to differentiate from
invasive carcinoma NST. Both on fine-needle aspiration and
on core needle biopsy, attention must be paid to the
intracytoplasmic secretory granules.

On histology (Fig. 9), breast ACC can exhibits a variety of
architectural patterns, ranging from microcystic to solid.
Histological diagnosis is mainly based on cytologic features.
Neoplastic cells show abundant granular cytoplasm.
Intracytoplasmic granules can be seen on H&E, but when not
prominent, they are better appreciated on PAS with diastase.

ACC with microglandular architecture is characterized by
small glandular structures lined by atypical cells, with granu-
lar cytoplasm. No myoepithelial cells or basement membrane
are present. Areas of microglandular architecture can gradual-
ly merge with solid areas, composed of the same cell type.

In situ component can be present, showing features similar
to duct carcinoma in situ, with comedo-type necrosis, but
composed of cells with the typical granules.

Immunohistochemistry can help to reach the correct diag-
nosis. The typical immunohistochemical profile is the follow-
ing: amylase, lysozyme, and alpha-1-antichimotrypsin

positivity associated with strong and diffuse immunoreactivity
for S-100 and EMA.

No hormone receptor positivity or HER2 amplification
have been detected. On rare cases, androgen receptor positiv-
ity has been described [77].

The molecular profile of breast ACC is more similar to
conventional TNBC than that of salivary gland ACC. Breast
ACC is characterized by complex gene copy number alter-
ations, recurrent 7P53 mutation and occasional PIK3CA
hotspot mutations [78].

ACC should be differentiated from several benign and ma-
lignant breast lesions showing a microglandular architecture
[26]. The diagnosis of ACC with microglandular pattern
should be limited to those cases composed of neoplastic
glands lined by atypical cells with intracytoplasmic serous
granules, devoid of myoepithelial cells and basement mem-
brane. The ACC glandular structures can be surrounded by
fine capillary vessels [26]. One must pay attention not to con-
fuse basement membrane of the capillaries with the basement
membrane of the neoplastic glands.

The most controversial differential diagnosis is between
ACC with microglandular architecture and microglandular
adenosis [26]. Some authors consider the two entities as part
of the same spectrum [78]. The presence of intracytoplasmic
granules, nuclear atypia and mitotic figures (even if rare)
should favour the diagnosis of ACC.

The relatively small number of cases reported in the litera-
ture together with the limited length of follow-up do not
allow drawing firm conclusions on the prognosis.
Despite these limitations, the cases reported to date
seem to have good prognosis [3].

Axillary lymph node metastases were reported in 10 out of
31 cases and local relapse in 4 of 38 cases.

Distant metastases have been described in 4 patients (bone,
liver, lung and meninges), 3 of whom died of disease
[3]. It is important to note that metastases also occurred
in cases that exhibited microglandular architecture on
histology [79, 80].

Tall cell carcinoma with reverse polarity (TCCRP)

TCCRP is an invasive carcinoma composed of elongated
cells, with eosinophilic and finely granular cytoplasm, ar-
ranged in solid and solid-papillary patterns. The neoplastic
cells show nuclear polarity toward the periphery of the neo-
plastic solid nests or papillae [2].

TCCRP was originally described in 2003 by Eusebi et al.
[81] who defined it as “Breast tumour resembling the tall cell
variant of papillary thyroid carcinoma”, due to its striking
similarity with the thyroid papillary carcinoma. Despite the
morphological similarities, no immunohistochemical markers
in common with thyroid carcinoma or RET/PTC alterations
were detected [82]. Papers published in the following years
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Fig. 9 ACC; a ACC with
prominent microglandular
architecture is composed of small
glands infiltrating the breast
tissue. b the small glands are lined
by atypical cells; ¢ the neoplastic
cells show a finely granular
cytoplasm; d most of the
neoplastic cells are EMA positive;
e the neoplastic cells are strongly
positive for Lysozyme

demonstrated that TCCRP is a unique entity of breast primary
[83].

Several papers appeared in the literature proposed different
names for this entity, thus creating an unclear terminology.
Therefore, the latest edition of WHO classification proposed
the unifying terminology of TCCRP [2].

TCCRP is a very rare breast tumour, affecting adult female
patients and presenting as a palpable breast nodule.
Nodules can affect all breast quadrants, usually being
1-2 cm in greatest dimension. Larger nodules have been
reported [83, 84]

Needle core biopsy shows the same features as observed in
surgical specimens; therefore, the same diagnostic criteria
should be applied.

On histology (Fig. 10), TCCRP is characterized by solid or
solid-papillary architecture. Margins are pushing and
multilobated. The neoplastic nests are composed of tightly
packed papillae, resulting in solid appearance. Areas with fol-
licular architecture can be encountered. Follicular structures
are filled with dense, eosinophilic secretion; foamy macro-
phages are focally present.

@ Springer

The most striking feature of TCCRP is the typical cytological
appearance of the neoplastic cells. Neoplastic cells are columnar
in shape, with eosinophilic and finely granular cytoplasm.

The nucleus is oval, with fine and clear chromatin, nuclear
grooves and pseudoinclusions, occupying about one third of
the cell. The neoplastic cells are oriented perpendicular to the
fibrovascular axis and have a basal pole, located on the oppo-
site side of the fibrovascular pole (“reverse polarity”). Fine
capillaries are arranged in a “garland-like fashion” around
the neoplastic nests.

Mitotic figures are very rare, as well as vascular and peri-
neural invasion. No necrosis is seen.

TCCRP shows expression of low and high-molecular weight
cytokeratins, and markers of mammary epithelium origin, such
as GATA3, mammaglobin, and GCDFP-15. In contrast,
markers of thyroid origin, such as TTF1 and thyroglob-
ulin are consistently negative in all cases [81, 83]. Most
TCPCRPs show strong positivity for anti-mitochondrial
antigen [83, 84]. Mitochondria are condensed at the
basal pole of the neoplastic cells, therefore highlighting
the “reverse polarity”.
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Fig. 10 TCCRP; a TCCRP is
composed of neoplastic nests with
solid-papillary architecture; b at
higher power the neoplastic cells
are columnar, have granular and
eosinophilic cytoplasm. Nuclei
have fine chromatin and grooves;
¢ Anti-mitochondrial antigen is
strongly positive. Positivity is is
condensed at the basal pole of the
neoplastic cells; d Collagen IV
surrounds the neoplastic nests,
evidencing the basal membrane of
small capillaries; e CD31
evidences small capillaries
surrounding the neoplastic nests

In situ component has been described on rare occasions
[84]. In most cases, myoepithelial markers fail to reveal a
myoepithelial layer.

Hormone receptors and HER2 are usually negative. On
rare occasions, a minority of the neoplastic cells can stain
for oestrogen receptor [83]. Molecular studies detected
isocitrate dehydrogenase 2 (IDH2) [85—-87] and phos-
phatidylinositol 3-kinase catalytic alpha (PIK3CA) hotspot
mutations [87].

Metastases from thyroid papillary carcinoma are easily ex-
cluded by the negativity of the thyroid markers. Negativity for
markers of endocrine differentiation excludes the diagnosis of
endocrine carcinoma.

Differential diagnosis can be more difficult with papillo-
mas of the breast, which can focally present features similar to
those of TCPCRP. Different from papillomas, TCCRP shows

the peculiar features throughout the entire nodule.
Myoepithelial cells are absent in TCCRP, while present in
papillomas. In addition, the strong and basally located immu-
noreactivity for the anti-mitochondrial antigen is typical of
TCPCRP and can help to reach the correct diagnosis.

TCPCRP is a low-grade carcinoma, with indolent clinical
course in most of the cases. Two cases with lymph node metasta-
ses have been reported [83, 84]; both patients were alive and well
after surgical removal of the tumour and the lymph node metasta-
sis. Only one case behaved in an aggressive fashion [88].

Secretory carcinoma
Secretory carcinoma represents an exceedingly rare breast neo-

plasm [89] with a predilection for children and young adults,
which explains the term “juvenile breast carcinoma” adopted by
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McDivitt and Stewart in 1966 [90]. Nevertheless, secretory carci-
noma can occur at any age and it is classified in the WHO blue
book based on its distinctive histopathological features [2].

Histologically (Fig. 11), this tumour typically shows a
microcystic growth pattern but tubular, solid, and even papil-
lary features can be encountered and patterns are often
admixed. Tumour cells are polygonal with eosinophilic granu-
lar or vacuolated cytoplasm. Nuclear pleomorphism is usually
mild to moderate.

At the molecular level, the presence of a balanced translo-
cation, t(12;15)(p13;q25), leading to the ETV6-NTRK3 fusion
gene is pathognomonic of secretory carcinomas, either of the
breast or of the salivary gland [91, 92]. Overexpression of the
chimeric NTRK3 protein has been reported to be typically
encountered in the nuclei of secretory carcinomas, as detected
by panTRK antibodies [92, 93].

Although most of secretory carcinoma patients present with
local disease and are surgically managed, this genetic alteration
may be of interest for those rare patients developing distant me-
tastases. TRK inhibitors have shown substantial and durable re-
sponses [94] and are FDA and EMA approved for metastatic
patients as well as for patients with unresectable local disease.

A cohort of secretory carcinoma with aggressive behaviour
has been recently reported, showing the presence of TERT
promotor mutations and loss of CDKN2A/B, in addition to
the typical ETV6-NTRK3 fusion [95].

The spectrum of differential diagnoses for this tumour may
encompass carcinomas with apocrine differentiation,
acinic cell carcinoma, and tall cell carcinoma with re-
versed polarity. In these instances, investigation of the
ETV6-NTR3 fusion is of diagnostic support.

Most cases of secretory carcinomas are of triple-negative
phenotype, however the clinical course of patients affected by
secretory carcinoma is typically indolent, with an excellent
prognosis even in patients with ipsilateral axillary lymph node
metastases [95-98]. Although remarkably rare (reviewed in
reference [96]) distant metastases can occur and advanced
stage patients have a dismal prognosis.

Conclusions

This review highlights the main histological, immunohisto-
chemical, and molecular features of TNBC of low malignant
potential. TNBC with low malignant potential are indeed rare
breast tumours, each with unique features. Knowledge on their
histological features and clinical behaviour are of utmost im-
portance for pathologists, to avoid overdiagnoses and overtreat-
ment. These lesions need to be appropriately discussed at the
multidisciplinary team meetings, to explain differences from
common forms of TNBCs.
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Fig. 11 Secretory Carcinoma; a Secretory carcinoma shows a prominent
microcystic pattern of growth; b at higher power, the neoplastic cells show
vacuolated cytoplasm; ¢ The chimeric NTRK3 protein is over-expressed; d
Fluorescent in situ hybridzation evidences the ETV6-NTRK3 fusion



Virchows Arch (2022) 480:109-126

123

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00428-021-03174-7.

Acknowledgements HYW was supported in part by a National Institutes
of Health/National Cancer Institute Cancer Center Support Grant
(P30CA008748). CM is supported in part by FONDAZIONE AIRC un-
der I1G 2019—ID 22850 project—P.1. Marchio Caterina.

Author contributions All authors contributed to the study conception and
design. Material preparation, data collection, and analysis were per-
formed by LC, HK, CM, and VPF. The first draft of the manuscript
was written by MPF, HK, and CM; RN and HW revised and commented
the manuscript. All authors commented on previous versions of the man-
uscript. All authors read and approved the final manuscript.

Funding Open access funding provided by Alma Mater Studiorum -
Universita di Bologna within the CRUI-CARE Agreement.

Code availability Software application or custom code: not applicable.

Declarations

Ethics approval and consent to participate Not applicable, as this paper
is based on a literature review.

Consent for publication The present paper does not contain data that
can identify the single patients. Therefore, patient consent for publication
is not needed. All the authors give the consent for paper publication.

Competing interests MPF received grants from Roche, Devicor
Mammotome, as support for course organization and participation, and
from MSD and Biocartis as speaker fee. CM has received personal con-
sultancy fees from Roche, Bayer, Daiichi Sankyo, AstraZeneca, MSD.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Foschini MP, Krausz T (2010) Salivary gland-type tumors of the
breast: a spectrum of benign and malignant tumors including “triple
negative carcinomas” of low malignant potential. Semin Diagn
Pathol 27(1):77-90. https://doi.org/10.1053/j.semdp.2009.12.007

2. Allison K, Brogi E, Ellis 10, Fox S, Morris E, Sahin A, Salgado R,
Sapino A, Sasano H, Schnitt S, Sotiriou C, van Diest P (2019)
WHO classification of tumours, 5th edition, breast tumours.
IARC Library Catalguing-in-Publication Data, Lyon

3. Foschini MP, Morandi L, Asioli S, Giove G, Corradini AG, Eusebi
V (2017) The morphological spectrum of salivary gland type tu-
mours of the breast. Pathology. 49(2):215-227. https://doi.org/10.
1016/j.pathol.2016.10.011

10.

11.

12.

13.

14.

15.

16.

17.

18.

Franceschini G, Terribile D, Scafetta I, Magno S, Fabbri C, Chiesa
F, Di Leone A, Moschella F, Scaldaferri A, Fragomeni S, Vellone
V, Mul¢ A, Masetti R (2010) Conservative treatment of a rare case
of multifocal adenoid cystic carcinoma of the breast: case report and
literature review. Med Sci Monit 16(3):CS33-CS39
Cheung YC, Ueng SH, Ng SH, Kuo WL (2020) Adenoid cystic
carcinoma of the breast detected with contrast-enhanced spectral
mammography: a case report. Curr Med Imaging 17:539-543.
https://doi.org/10.2174/1573405616666201009144337
Pandya AN, Shah P, Patel R, Patel PR (2010) Adenoid cystic car-
cinoma of breast and the importance of differentiation from collag-
enous spherulosis by FNAC. J Cytol 27(2):69-70. https://doi.org/
10.4103/0970-9371.70748
Subbarayan D, Raghavan V (2017) Cytology of collagenous
spherulosis: a case series. J Clin Diagn Res 11(6):ER01-ERO03.
https://doi.org/10.7860/JCDR/2017/26967.10044
West RB, Kong C, Clarke N, Gilks T, Lipsick JS, Cao H, Kwok S,
Montgomery KD, Varma S, Le QT (2011) MYB expression and
translocation in adenoid cystic carcinomas and other salivary gland
tumors with clinicopathologic correlation. Am J Surg Pathol 35(1):
92-99. https://doi.org/10.1097/PAS.0b013e3182002777
Brill LB 2nd, Kanner WA, Fehr A, Andrén Y, Moskaluk CA,
Loning T, Stenman G, Frierson HF Jr (2011) Analysis of MYB
expression and MYB-NFIB gene fusions in adenoid cystic carcino-
ma and other salivary neoplasms. Mod Pathol 24(9):1169-1176.
https://doi.org/10.1038/modpathol.2011.86
Poling JS, Yonescu R, Subhawong AP, Sharma R, Argani P, Ning
Y, Cimino-Mathews A (2017) MYB labeling by immunohisto-
chemistry is more sensitive and specific for breast adenoid cystic
carcinoma than MYB labeling by FISH. Am J Surg Pathol 41(7):
973-979. https://doi.org/10.1097/PAS.0000000000000878
Shin SJ, Rosen PP (2002) Solid variant of mammary adenoid cystic
carcinoma with basaloid features: a study of nine cases. Am J Surg
Pathol 26(4):413-420. https://doi.org/10.1097/00000478-
200204000-00002
Foschini MP, Rizzo A, De Leo A, Laurino L, Sironi M, Rucco V
(2016) Solid variant of adenoid cystic carcinoma of the breast: a
case series with proposal of a new grading system. Int J Surg Pathol
24(2):97-102. https://doi.org/10.1177/1066896915606973
Fusco N, Geyer FC, De Filippo MR, Martelotto LG, Ng CK,
Piscuoglio S, Guerini-Rocco E, Schultheis AM, Fuhrmann L,
Wang L, Jungbluth AA, Burke KA, Lim RS, Vincent-Salomon
A, Bamba M, Moritani S, Badve SS, Ichihara S, Ellis 10, Reis-
Filho JS, Weigelt B (2016) Genetic events in the progression of
adenoid cystic carcinoma of the breast to high-grade triple-negative
breast cancer. Mod Pathol 29(11):1292-1305. https://doi.org/10.
1038/modpathol.2016.134
Cabibi D, Cipolla C, Maria Florena A, Fricano S, Barresi E, Vieni
S, Rodolico V, Napoli L (2005) Solid variant of mammary “ade-
noid cystic carcinoma with basaloid features” merging with “small
cell carcinoma”. Pathol Res Pract 201(10):705—711. https://doi.org/
10.1016/j.prp.2005.04.012
Righi A, Lenzi M, Morandi L, Flamminio F, De Biase D, Farnedi
A, Foschini MP (2011) Adenoid cystic carcinoma of the breast
associated with invasive duct carcinoma: a case report. Int J Surg
Pathol 19(2):230-234. https://doi.org/10.1177/1066896909332321
Yang Y, Wang Y, He J, Pan G, Tuo X, Jiang A, Bian L (2014)
Malignant adenomyoepithelioma combined with adenoid cystic
carcinoma of the breast: a case report and literature review. Diagn
Pathol 9:148. https://doi.org/10.1186/1746-1596-9-148
Rosen PP (2009) Rosen’s breast pathology, 3rd edn. Wolters
Kluver, Lippincott Williams & Wilkins, Philadelphia
Mujtaba H, Atique M, Batool I, Umer MF (2017)
Immunohistochemical evaluation of oestrogen receptors in ade-
noid cystic carcinoma of salivary gland. J] Ayub Med Coll
Abbottabad 29(4):535-539

@ Springer


https://doi.org/10.1007/s00428-021-03174-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1053/j.semdp.2009.12.007
https://doi.org/10.1016/j.pathol.2016.10.011
https://doi.org/10.1016/j.pathol.2016.10.011
https://doi.org/10.2174/1573405616666201009144337
https://doi.org/10.4103/097070748
https://doi.org/10.4103/097070748
https://doi.org/10.7860/JCDR/2017/26967.10044
https://doi.org/10.1097/PAS.0b013e3182002777
https://doi.org/10.1038/modpathol.2011.86
https://doi.org/10.1097/PAS.0000000000000878
https://doi.org/10.1097/00000478-200204000-00002
https://doi.org/10.1097/00000478-200204000-00002
https://doi.org/10.1177/1066896915606973
https://doi.org/10.1038/modpathol.2016.134
https://doi.org/10.1038/modpathol.2016.134
https://doi.org/10.1016/j.prp.2005.04.012
https://doi.org/10.1016/j.prp.2005.04.012
https://doi.org/10.1177/1066896909332321
https://doi.org/10.1186/1746-1596-9-148

124

Virchows Arch (2022) 480:109-126

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Vranic S, Gatalica Z, Deng H, Frkovic-Grazio S, Lee LM, Gurjeva
0O, Wang ZY (2011) ER-&36, a novel isoform of ER-x66, is com-
monly over-expressed in apocrine and adenoid cystic carcinomas of
the breast. J Clin Pathol 64(1):54-57. https://doi.org/10.1136/jcp.
2010.082776
Yigit S, Etit D, Hayrullah L, Atahan MK (2019) Androgen receptor
expression in adenoid cystic carcinoma of breast: a subset of seven
cases. Eur J Breast Health 16(1):44-47. https://doi.org/10.5152/
¢jbh.2019.5068
Andersson MK, Mangiapane G, Nevado PT, Tsakaneli A, Carlsson
T, Corda G, Nieddu V, Abrahamian C, Chayka O, Rai L, Wick M,
Kedaigle A, Stenman G, Sala A (2020) ATR is a MYB regulated
gene and potential therapeutic target in adenoid cystic carcinoma.
Oncogenesis. 9(1):5. https://doi.org/10.1038/s41389-020-0194-3
Bae GE, Yoon N, Cho EY, Kim HS, Cho SY (2019)
Clinicopathological and molecular characteristics of mammary ad-
enoid cystic carcinoma with adipocytic differentiation with empha-
sis on the identification of a novel BRAF mutation. Anticancer Res
39(1):369-374. https://doi.org/10.21873/anticanres.13121
Massé J, Truntzer C, Boidot R, Khalifa E, Pérot G, Velasco V,
Mayeur L, Billerey-Larmonier C, Blanchard L, Charitansky H,
Soubeyran I, Iggo R, Amould L, MacGrogan G (2020) Solid-type
adenoid cystic carcinoma of the breast, a distinct molecular entity
enriched in NOTCH and CREBBP mutations. Mod Pathol 33(6):
1041-1055. https://doi.org/10.1038/s41379-019-0425-3
Rabban JT, Swain RS, Zaloudek CJ, Chase DR, Chen YY (2006)
Immunophenotypic overlap between adenoid cystic carcinoma and
collagenous spherulosis of the breast: potential diagnostic pitfalls
using myoepithelial markers. Mod Pathol 19(10):1351-1357.
https://doi.org/10.1038/modpathol.3800658
Cabibi D, Giannone AG, Belmonte B, Aragona F, Aragona F
(2012) CD10 and HHF35 actin in the differential diagnosis be-
tween collagenous spherulosis and adenoid-cystic carcinoma of
the breast. Pathol Res Pract 208(7):405—409. https://doi.org/10.
1016/j.prp.2012.05.002
Foschini MP, Eusebi V (2018) Microglandular adenosis of the
breast: a deceptive and still mysterious benign lesion. Hum Pathol
82:1-9. https://doi.org/10.1016/j.humpath.2018.06.025
Cimino-Mathews A (2021) Novel uses of immunohistochemistry
in breast pathology: interpretation and pitfalls. Mod Pathol
34(Suppl 1):62-77. https://doi.org/10.1038/541379-020-00697-3
Chen QX, Li JJ, Wang XX, Lin PY, Zhang J, Song CG, Shao ZM
(2017) Similar outcomes between adenoid cystic carcinoma of the
breast and invasive ductal carcinoma: a population-based study
from the SEER 18 database. Oncotarget 8(4):6206-6215. https://
doi.org/10.18632/oncotarget. 14052
Hamperl H (1970) The myothelia (myoepithelial cells). Normal
state; regressive changes; hyperplasia; tumors. Curr Top Pathol
53:161-220
Rakha E, Hoon Tan P, Ellis I, Quinn C (2021)
Adenomyoepithelioma of the breast: a proposal for classification.
Histopathology. https://doi.org/10.1111/his.14380
Harada J, Horiguchi SI, Ishiba T, Kubota H, Ichida M, Sakurai N,
Arai H, Motoi T, Aruga T, Hishima T (2020) A case of
adenomyoepithelioma with a pleomorphic adenoma-like compo-
nent of the male breast. Int J Surg Pathol 8. https://doi.org/10.
1177/1066896920978824
Han JS, Peng Y (2010) Multicentric adenomyoepithelioma of the
breast with atypia and associated ductal carcinoma in situ. Breast J
16(5):547-549. https://doi.org/10.1111/j.1524-4741.2010.00954.x
Moritz AW, Wiedenhoefer JF, Profit AP, Jagirdar J (2016) Breast
adenomyoepithelioma and adenomyoepithelioma with carcinoma
(malignant adenomyoepithelioma) with associated breast malignan-
cies: a case series emphasizing histologic, radiologic, and clinical
correlation. Breast. 29:132—139. https://doi.org/10.1016/j.breast.
2016.07.018

@ Springer

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Zhang L, Qin G, He Z, Chen W, Yang L (2016) The mammography
and MRI manifestations of adenomyoepithelioma of the breast.
Clin Radiol 71(3):235-243. https://doi.org/10.1016/j.crad.2015.
11.005
Hoda SA, Rosen PP (2004) Observations on the pathologic diag-
nosis of selected unusual lesions in needle core biopsies of breast.
Breast J 10(6):522-527. https://doi.org/10.1111/j.1075-122X.
2004.21412.x
Hayes MM (2011) Adenomyoepithelioma of the breast: a review
stressing its propensity for malignant transformation. J Clin Pathol
64(6):477-484. https://doi.org/10.1136/jcp.2010.087718
Tavassoli FA (1991) Myoepithelial lesions of the breast.
Myoepitheliosis, adenomyoepithelioma, and myoepithelial carci-
noma. Am J Surg Pathol 15(6):554-568. https://doi.org/10.1097/
00000478-199106000-00004
Rosen PP (1987) Adenomyoepithelioma of the breast. Hum Pathol
18(12):1232-1237. https://doi.org/10.1016/s0046-8177(87)80406-
9
Kiaer H, Nielsen B, Paulsen S, Serensen IM, Dyreborg U, Blichert-
Toft M (1984) Adenomyoepithelial adenosis and low-grade malig-
nant adenomyoepithelioma of the breast. Virchows Arch A Pathol
Anat Histopathol 405(1):55-67. https://doi.org/10.1007/
BF00694925
Eusebi V, Casadei GP, Bussolati G, Azzopardi JG (1987)
Adenomyoepithelioma of the breast with a distinctive type of apo-
crine adenosis. Histopathology. 11(3):305-315. https://doi.org/10.
1111/.1365-2559.1987.tb02635.x
Seethala RR, Barnes EL, Hunt JL (2007) Epithelial-myoepithelial
carcinoma: a review of the clinicopathologic spectrum and
immunophenotypic characteristics in 61 tumors of the salivary
glands and upper aerodigestive tract. Am J Surg Pathol 31(1):44—
57. https://doi.org/10.1097/01.pas.0000213314.74423.d8 Erratum
in: Am J Surg Pathol. 2008 Dec;32(12):1923
Tavassoli F, Eusebi V (2009) Tumors of the mammary gland. AFIP
Atlas of Tumor Pathology, series 4.Washington DC
Kamei M, Daa T, Miyawaki M, Suehiro S, Sugio K (2015)
Adenomyoepithelioma of the breast coexisting with ductal carcino-
ma in situ: a case report and review of the literature. Surg Case Rep
1:81. https://doi.org/10.1186/s40792-015-0083-8
Warrier S, Hwang S, Ghaly M, Matthews A (2013)
Adenomyoepithelioma with ductal carcinoma in situ: a case report
and review of the literature. Case Rep Surg 2013:521417-521413.
https://doi.org/10.1155/2013/521417
Zhang S, Huo L, Arribas E, Middleton LP (2015)
Adenomyoepithelioma of the breast with associated atypical lob-
ular hyperplasia: a previously unrecognized association with man-
agement implications. Ann Diagn Pathol 19(1):20-23. https://doi.
org/10.1016/j.anndiagpath.2014.11.002
Foschini MP, Pizzicannella G, Peterse JL, Eusebi V (1995)
Adenomyoepithelioma of the breast associated with low-grade
adenosquamous and sarcomatoid carcinomas. Virchows Arch
427(3):243-250. https://doi.org/10.1007/BF00203390
Hempenstall LE, Saxena M, Donaldson E (2019) Malignant
adenomyoepithelioma with multifocal adenosquamous carcinoma
of the breast: a case report. Breast J 25(4):731-732. https://doi.org/
10.1111/tbj.13323
Van Hoeven KH, Drudis T, Cranor ML, Erlandson RA, Rosen PP
(1993) Low-grade adenosquamous carcinoma of the breast. A
clinocopathologic study of 32 cases with ultrastructural analysis.
Am J Surg Pathol 17(3):248-258. https://doi.org/10.1097/
00000478-199303000-00005
Han B, Mori I, Nakamura M, Wang X, Ozaki T, Nakamura Y,
Kakudo K (2006) Myoepithelial carcinoma arising in an
adenomyoepithelioma of the breast: case report with immunohisto-
chemical and mutational analysis. Pathol Int 56(4):211-216. https://
doi.org/10.1111/5.1440-1827.2006.01948.x


https://doi.org/10.1136/jcp.2010.082776
https://doi.org/10.1136/jcp.2010.082776
https://doi.org/10.5152/ejbh.2019.5068
https://doi.org/10.5152/ejbh.2019.5068
https://doi.org/10.1038/s41389-020-0194-3
https://doi.org/10.21873/anticanres.13121
https://doi.org/10.1038/s41379-019-0425-3
https://doi.org/10.1038/modpathol.3800658
https://doi.org/10.1016/j.prp.2012.05.002
https://doi.org/10.1016/j.prp.2012.05.002
https://doi.org/10.1016/j.humpath.2018.06.025
https://doi.org/10.1038/s41379-020-00697-3
https://doi.org/10.18632/oncotarget.14052
https://doi.org/10.18632/oncotarget.14052
https://doi.org/10.1111/his.14380
https://doi.org/10.1177/1066896920978824
https://doi.org/10.1177/1066896920978824
https://doi.org/10.1111/j.1524-4741.2010.00954.x
https://doi.org/10.1016/j.breast.2016.07.018
https://doi.org/10.1016/j.breast.2016.07.018
https://doi.org/10.1016/j.crad.2015.11.005
https://doi.org/10.1016/j.crad.2015.11.005
https://doi.org/10.1111/j.1075-122X.2004.21412.x
https://doi.org/10.1111/j.1075-122X.2004.21412.x
https://doi.org/10.1136/jcp.2010.087718
https://doi.org/10.1097/00000478-199106000-00004
https://doi.org/10.1097/00000478-199106000-00004
https://doi.org/10.1016/s0046-8177(87)80406-9
https://doi.org/10.1016/s0046-8177(87)80406-9
https://doi.org/10.1007/BF00694925
https://doi.org/10.1007/BF00694925
https://doi.org/10.1111/j.1365-2559.1987.tb02635.x
https://doi.org/10.1111/j.1365-2559.1987.tb02635.x
https://doi.org/10.1097/01.pas.0000213314.74423.d8
https://doi.org/10.1186/s40792-015-0083-8
https://doi.org/10.1155/2013/521417
https://doi.org/10.1016/j.anndiagpath.2014.11.002
https://doi.org/10.1016/j.anndiagpath.2014.11.002
https://doi.org/10.1007/BF00203390
https://doi.org/10.1111/tbj.13323
https://doi.org/10.1111/tbj.13323
https://doi.org/10.1097/00000478-199303000-00005
https://doi.org/10.1097/00000478-199303000-00005
https://doi.org/10.1111/j.1440-1827.2006.01948.x
https://doi.org/10.1111/j.1440-1827.2006.01948.x

Virchows Arch (2022) 480:109-126

125

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Fan F, Smith W, Wang X, Jewell W, Thomas PA, Tawfik O (2007)
Myoepithelial carcinoma of the breast arising in an
adenomyoepithelioma: mammographic, ultrasound and histologic
features. Breast J 13(2):203-204. https://doi.org/10.1111/j.1524-
4741.2007.00403.x

Mandal S, Dhingra K, Roy S, Saroha V, Khurana N (2007) Clear
cell malignant myoepithelioma—breast presenting as a fungating
mass. Breast J 13(6):618-620. https://doi.org/10.1111/j.1524-
4741.2007.00493 .x

Oka K, Sando N, Moriya T, Yatabe Y (2007) Malignant
adenomyoepithelioma of the breast with matrix production may
be compatible with one variant form of matrix-producing carcino-
ma: a case report. Pathol Res Pract 203(8):599—604. https://doi.org/
10.1016/4.prp.2007.04.004

Sugano I, Nagao T, Tajima Y, Ishida Y, Nagao K, Ooeda Y,
Takahashi T (2001) Malignant adenomyoepithelioma of the breast:
a non-tubular and matrix-producing variant. Pathol Int 51(3):193—
199. https://doi.org/10.1046/j.1440-1827.2001.01178.x

Simpson RH, Cope N, Skalova A, Michal M (1998) Malignant
adenomyoepithelioma of the breast with mixed osteogenic, spindle
cell, and carcinomatous differentiation. Am J Surg Pathol 22(5):
631-636. https://doi.org/10.1097/00000478-199805000-00015
Moritani S, Ichihara S, Yatabe Y, Hasegawa M, Iwakoshi A,
Hosoda W, Narita M, Nagai Y, Asai M, Ujihira N, Yuba Y,
Jijiwa M (2015) Immunohistochemical expression of myoepithelial
markers in adenomyoepithelioma of the breast: a unique paradox-
ical staining pattern of high-molecular weight cytokeratins.
Virchows Arch 466(2):191-198. https://doi.org/10.1007/s00428-
014-1687-2

Geyer FC, Li A, Papanastasiou AD, Smith A, Selenica P, Burke
KA, Edelweiss M, Wen HC, Piscuoglio S, Schultheis AM,
Martelotto LG, Pareja F, Kumar R, Brandes A, Fan D, Basili T,
da Cruz Paula A, Lozada JR, Blecua P, Muenst S, Jungbluth AA,
Foschini MP, Wen HY, Brogi E, Palazzo J, Rubin BP, Ng CKY,
Norton L, Varga Z, Ellis 10, Rakha EA, Chandarlapaty S, Weigelt
B, Reis-Filho JS (2018) Recurrent hotspot mutations in HRAS Q61
and PI3K-AKT pathway genes as drivers of breast
adenomyoepitheliomas. Nat Commun 9(1):1816. https://doi.org/
10.1038/s41467-018-04128-5

Pareja F, Toss MS, Geyer FC, da Silva EM, Vahdatinia M,
Sebastiao APM et al (2020) Immunohistochemical assessment of
HRAS Q61R mutations in breast adenomyoepitheliomas.
Histopathology. 76(6):865-874. https://doi.org/10.1111/his. 14057
Pareja F, Geyer FC, Brown DN, Sebastiao APM, Gularte-Merida
R, Li A etal (2019) Assessment of HMGA2 and PLAGI rearrange-
ments in breast adenomyoepitheliomas. NPJ Breast Cancer 5:6.
https://doi.org/10.1038/s41523-018-0101-7

Baum JE, Sung KJ, Tran H, Song W, Ginter PS (2019) Mammary
epithelial-myoepithelial carcinoma: report of a case with HRAS and
PIK3CA mutations by next-generation sequencing. Int J Surg
Pathol 27(4):441-445. https://doi.org/10.1177/1066896918821182
Ginter PS, McIntire PJ, Kurtis B, Mirabelli S, Motanagh S, Hoda S
et al (2020) Adenomyoepithelial tumors of the breast: molecular
underpinnings of a rare entity. Mod Pathol 33(9):1764-1772.
https://doi.org/10.1038/s41379-020-0552-x

Van Dorpe J, De Pauw A, Moerman P (1998) Adenoid cystic car-
cinoma arising in an adenomyoepithelioma of the breast. Virchows
Arch 432(2):119-122. https://doi.org/10.1007/s004280050144
Nadelman CM, Leslie KO, Fishbein MC (2006) “Benign,” metas-
tasizing adenomyoepithelioma of the breast: a report of 2 cases.
Arch Pathol Lab Med 130(9):1349—1353. https://doi.org/10.1043/
1543-2165(2006)130[1349:BMAOTB]2.0.CO;2

Korolczuk A, Amarowicz M, Bak K, Korobowicz E, Koncewicz T
(2016) Adenomyoepithelioma of the breast with late pulmonary
metastases - case report and review of the literature. J

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Cardiothorac Surg 11(1):121. https://doi.org/10.1186/s13019-016-
0518-8

Ye RP, Liao YH, Xia T, Kuang R, Long HA, Xiao XL (2020)
Breast mucoepidermoid carcinoma: a case report and review of
literature. Int J Clin Exp Pathol 13(12):3192-3199

Pettinato G, Insabato L, De Chiara A, Manco A, Petrella G (1989)
High-grade mucoepidermoid carcinoma of the breast. Fine needle
aspiration cytology and clinicopathologic study of a case. Acta
Cytol 33(2):195-200

Gomez-Aracil V, Mayayo Artal E, Azua-Romeo J, Mayayo Alvira
R, Azua-Blanco J, Arraiza GA (2006) Fine needle aspiration cytol-
ogy of high grade mucoepidermoid carcinoma of the breast: a case
report. Acta Cytol 50(3):344-348. https://doi.org/10.1159/
000325967

Di Tommaso L, Foschini MP, Ragazzini T, Magrini E, Fornelli A,
Ellis 10, Eusebi V (2004) Mucoepidermoid carcinoma of the breast.
Virchows Arch 444(1):13-19. https://doi.org/10.1007/s00428-003-
0923-y

Liichtrath H, Moll R (1989) Mucoepidermoid mammary carcino-
ma. Immunohistochemical and biochemical analyses of intermedi-
ate filaments. Virchows Arch A Pathol Anat Histopathol. 416(2):
105-113. https://doi.org/10.1007/BF01606314

Bean GR, Krings G, Otis CN, Solomon DA, Garcia JJ, van Zante
A, Camelo-Piragua S, van Ziffle J, Chen YY (2019) CRTCI-
MAML2 fusion in mucoepidermoid carcinoma of the breast.
Histopathology. 74(3):463—473. https://doi.org/10.1111/his. 13779
Yan M, Gilmore H, Harbhajanka A (2020) Mucoepidermoid carci-
noma of the breast with MAML?2 rearrangement: a case report and
literature review. Int J Surg Pathol 28(7):787—792. https://doi.org/
10.1177/1066896920916779

Pareja F, Da Cruz PA, Gularte-Mérida R, Vahdatinia M, Li A,
Geyer FC, da Silva EM, Nanjangud G, Wen HY, Varga Z, Brogi
E, Rakha EA, Weigelt B, Reis-Filho JS (2020) Pleomorphic ade-
nomas and mucoepidermoid carcinomas of the breast are
underpinned by fusion genes. NPJ Breast Cancer 6:20. https:/doi.
org/10.1038/s41523-020-0164-0

Basbug M, Akbulut S, Arikanoglu Z, Sogutcu N, Firat U,
Kucukoner M (2011) Mucoepidermoid carcinoma in a breast af-
fected by burn scars: comprehensive literature review and case
report. Breast Care (Basel) 6(4):293-297. https://doi.org/10.1159/
000331316

Tjalma WA, Verslegers 10, De Loecker PA, Van Marck EA (2002)
Low and high grade mucoepidermoid carcinomas of the breast. Eur
J Gynaecol Oncol 23(5):423-425

Shimao K, Haga S, Shimizu T, Imamura H, Watanabe O, Kinoshita
J, Nagumo H, Utada Y, Okabe T, Kajiwara T, Oshibe N, Aiba M
(1998) Acinic cell adenocarcinoma arising in the breast of a young
male: a clinicopathological, immunohistochemical and ultrastruc-
tural study. Breast Cancer 5(1):77-81. https://doi.org/10.1007/
BF02967419

Peintinger F, Leibl S, Reitsamer R, Moinfar F (2004) Primary
acinic cell carcinoma of the breast: a case report with long-term
follow-up and review of the literature. Histopathology. 45(6):
645-648. https://doi.org/10.1111/j.1365-2559.2004.01957.x
Limite G, Di Micco R, Esposito E, Sollazzo V, Cervotti M,
Pettinato G, Varone V, Benassai G, Monda A, Luglio G, Maisto
V, 1zzo G, Forestieri P (2014) The first case of acinic cell carcinoma
of the breast within a fibroadenoma: case report. Int J Surg
12(Suppl 1):S232-S235. https://doi.org/10.1016/j.ijsu.2014.05.
005

Limite G, Di Micco R, Esposito E, Sollazzo V, Cervotti M,
Pettinato G, Varone V, Benassai G, Amato B, Pilone V, Luglio
G, Vitiello A, Hasani A, Liccardo F, Forestieri P (2014) Acinic cell
carcinoma of the breast: review of the literature. IntJ Surg 12(Suppl
1):S35-S39. https://doi.org/10.1016/j.ijsu.2014.05.004

@ Springer


https://doi.org/10.1111/j.1524-4741.2007.00403.x
https://doi.org/10.1111/j.1524-4741.2007.00403.x
https://doi.org/10.1111/j.1524-4741.2007.00493.x
https://doi.org/10.1111/j.1524-4741.2007.00493.x
https://doi.org/10.1016/j.prp.2007.04.004
https://doi.org/10.1016/j.prp.2007.04.004
https://doi.org/10.1046/j.1440-1827.2001.01178.x
https://doi.org/10.1097/00000478-199805000-00015
https://doi.org/10.1038/s41467-018-04128-5
https://doi.org/10.1038/s41467-018-04128-5
https://doi.org/10.1111/his.14057
https://doi.org/10.1038/s41523-018-0101-7
https://doi.org/10.1177/1066896918821182
https://doi.org/10.1038/s41379-020-0552-x
https://doi.org/10.1007/s004280050144
https://doi.org/10.1043/1543-2165(2006)130<1349:BMAOTB>2.0.CO;2
https://doi.org/10.1043/1543-2165(2006)130<1349:BMAOTB>2.0.CO;2
https://doi.org/10.1186/s13019-016-0518-8
https://doi.org/10.1186/s13019-016-0518-8
https://doi.org/10.1159/000325967
https://doi.org/10.1159/000325967
https://doi.org/10.1007/s00428-003-0923-y
https://doi.org/10.1007/s00428-003-0923-y
https://doi.org/10.1007/BF01606314
https://doi.org/10.1111/his.13779
https://doi.org/10.1177/1066896920916779
https://doi.org/10.1177/1066896920916779
https://doi.org/10.1038/s41523-020-0164-0
https://doi.org/10.1038/s41523-020-0164-0
https://doi.org/10.1159/000331316
https://doi.org/10.1159/000331316
https://doi.org/10.1007/BF02967419
https://doi.org/10.1007/BF02967419
https://doi.org/10.1111/j.1365-2559.2004.01957.x
https://doi.org/10.1016/j.ijsu.2014.05.005
https://doi.org/10.1016/j.ijsu.2014.05.005
https://doi.org/10.1016/j.ijsu.2014.05.004

126

Virchows Arch (2022) 480:109-126

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Pareja F, Weigelt B, Reis-Filho JS (2021) Problematic breast tu-
mors reassessed in light of novel molecular data. Mod Pathol
34(Suppl 1):38-47. https://doi.org/10.1038/s41379-020-00693-7
Coyne JD, Dervan PA (2002) Primary acinic cell carcinoma of the
breast. J Clin Pathol 55:545-547

Huo L, Bell D, Qiu H, Sahin A, Wu'Y, Sneige N (2011) Paneth cell-
like eosinophilic cytoplasmic granules in breast carcinoma. Ann
Diagn Pathol 15(2):84-92. https://doi.org/10.1016/j.anndiagpath.
2010.08.007

Eusebi V, Damiani S, Ellis IO, Azzopardi JG, Rosai J (2003) Breast
tumor resembling the tall cell variant of papillary thyroid carcino-
ma: report of 5 cases. Am J Surg Pathol 27(8):1114-1118. https://
doi.org/10.1097/00000478-200308000-00008

Eusebi V, Tallini G, Rosai J (2004) Nuclear alterations and RET/
PTC activation. Am J Surg Pathol 28(7):974-975. https://doi.org/
10.1097/00000478-200407000-00021

Foschini MP, Asioli S, Foreid S, Cserni G, Ellis 10, Eusebi V,
Rosai J (2017) Solid papillary breast carcinomas resembling the tall
cell variant of papillary thyroid neoplasms: a unique invasive tumor
with indolent behavior. Am J Surg Pathol 41(7):887—895. https://
doi.org/10.1097/PAS.0000000000000853

Tosi AL, Ragazzi M, Asioli S, Del Vecchio M, Cavalieri M, Eusebi
LH, Foschini MP (2007) Breast tumor resembling the tall cell var-
iant of papillary thyroid carcinoma: report of 4 cases with evidence
of malignant potential. Int J Surg Pathol 15(1):14-19. https://doi.
org/10.1177/1066896906295689

Lozada JR, Basili T, Pareja F, Alemar B, Paula ADC, Gularte-
Merida R, Giri DD, Querzoli P, Cserni G, Rakha EA, Foschini
MP, Reis-Filho JS, Brogi E, Weigelt B, Geyer FC (2018) Solid
papillary breast carcinomas resembling the tall cell variant of pap-
illary thyroid neoplasms (solid papillary carcinomas with reverse
polarity) harbour recurrent mutations affecting IDH2 and PIK3CA:
a validation cohort. Histopathology. 73(2):339-344. https://doi.org/
10.1111/his. 13522

Haefliger S, Muenst S, Went P, Bihl M, Dellas S, Weber WP,
Vlajnic T (2020) Tall cell carcinoma of the breast with reversed
polarity (TCCRP) with mutations in the IDH2 and PIK3CA genes:
a case report. Mol Biol Rep 47(6):4917-4921. https://doi.org/10.
1007/s11033-020-05553-w

Zhang X, Wu H, Wang Z, Zhou Y, Mao F, Lin Y, Shen S, Liang Z,
Sun Q (2021) Tall cell carcinoma of the breast with reverse polarity:
case report with gene sequencing and literature review. Gland Surg
10(2):837-843. https://doi.org/10.21037/gs-20-695
Cameselle-Teijeiro J, Abdulkader I, Barreiro-Morandeira F, Ruiz-
Ponte C, Reyes-Santias R, Chavez E, Sobrinho-Simoes M (2006)
Breast tumor resembling the tall cell variant of papillary thyroid
carcinoma: a case report. Int J Surg Pathol 14(1):79-84. https://
doi.org/10.1177/106689690601400116

@ Springer

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

Horowitz DP, Sharma CS, Connolly E, Gidea-Addeo D, Deutsch |
(2012) Secretory carcinoma of the breast: results from the survival,
epidemiology and end results database. Breast. 21(3):350-353.
https://doi.org/10.1016/j.breast.2012.02.013

McDivitt RW, Stewart FW (1966) Breast carcinoma in children.
JAMA. 195(5):388-390

Tognon C, Knezevich SR, Huntsman D, Roskelley CD, Melnyk N,
Mathers JA, Becker L, Carneiro F, MacPherson N, Horsman D,
Poremba C, Sorensen PH (2002) Expression of the ETV6-
NTRK3 gene fusion as a primary event in human secretory breast
carcinoma. Cancer Cell 2(5):367-376. https://doi.org/10.1016/
s1535-6108(02)00180-0

Marchio C, Scaltriti M, Ladanyi M, lafrate AJ, Bibeau F, Dietel M,
Hechtman JF, Troiani T, Lopez-Rios F, Douillard JY, André F,
Reis-Filho JS (2019) ESMO recommendations on the standard
methods to detect NTRK fusions in daily practice and clinical re-
search. Ann Oncol 30(9):1417-1427. https://doi.org/10.1093/
annonc/mdz204

Harrison BT, Fowler E, Krings G, Chen YY, Bean GR, Vincent-
Salomon A, Fuhrmann L, Barnick SE, Chen B, Hosfield EM,
Hornick JL, Schnitt SJ (2019) Pan-TRK immunohistochemistry: a
useful diagnostic adjunct for secretory carcinoma of the breast. Am
J Surg Pathol 43(12):1693—1700. https://doi.org/10.1097/PAS.
0000000000001366

Hechtman JF, Benayed R, Hyman DM, Drilon A, Zehir A, Frosina
D, Arcila ME, Dogan S, Klimstra DS, Ladanyi M, Jungbluth AA
(2017 Nov) Pan-Trk immunohistochemistry is an efficient and re-
liable screen for the detection of NTRK fusions. Am J Surg Pathol
41(11):1547-1551. https://doi.org/10.1097/PAS.
0000000000000911

Hoda RS, Brogi E, Pareja F, Nanjangud G, Murray MP, Weigelt B,
Reis-Filho JS, Wen HY (2019) Secretory carcinoma of the breast:
clinicopathologic profile of 14 cases emphasising distant metastatic
potential. Histopathology. 75(2):213—224. https://doi.org/10.1111/
his.13879

Ozguroglu M, Tascilar K, Ilvan S, Soybir G, Celik V (2005)
Secretory carcinoma of the breast. Case report and review of the
literature. Oncology. 68(2-3):263-268. https://doi.org/10.1159/
000086782

Gabal S, Talaat S (2011) Secretory carcinoma of male breast: case
report and review of the literature. Int J Breast Cancer 2011:
704657-704655. https://doi.org/10.4061/2011/704657

Din NU, Idrees R, Fatima S, Kayani N (2013) Secretory carcinoma
of breast: clinicopathologic study of 8 cases. Ann Diagn Pathol
17(1):54-57. https://doi.org/10.1016/j.anndiagpath.2012.06.001

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1038/s41379-020-00693-7
https://doi.org/10.1016/j.anndiagpath.2010.08.007
https://doi.org/10.1016/j.anndiagpath.2010.08.007
https://doi.org/10.1097/00000478-200308000-00008
https://doi.org/10.1097/00000478-200308000-00008
https://doi.org/10.1097/00000478-200407000-00021
https://doi.org/10.1097/00000478-200407000-00021
https://doi.org/10.1097/PAS.0000000000000853
https://doi.org/10.1097/PAS.0000000000000853
https://doi.org/10.1177/1066896906295689
https://doi.org/10.1177/1066896906295689
https://doi.org/10.1111/his.13522
https://doi.org/10.1111/his.13522
https://doi.org/10.1007/s11033-020-05553-w
https://doi.org/10.1007/s11033-020-05553-w
https://doi.org/10.21037/gs-20-695
https://doi.org/10.1177/106689690601400116
https://doi.org/10.1177/106689690601400116
https://doi.org/10.1016/j.breast.2012.02.013
https://doi.org/10.1016/s1535-6108(02)00180-0
https://doi.org/10.1016/s1535-6108(02)00180-0
https://doi.org/10.1093/annonc/mdz204
https://doi.org/10.1093/annonc/mdz204
https://doi.org/10.1097/PAS.0000000000001366
https://doi.org/10.1097/PAS.0000000000001366
https://doi.org/10.1097/PAS.0000000000000911
https://doi.org/10.1097/PAS.0000000000000911
https://doi.org/10.1111/his.13879
https://doi.org/10.1111/his.13879
https://doi.org/10.1159/000086782
https://doi.org/10.1159/000086782
https://doi.org/10.4061/2011/704657
https://doi.org/10.1016/j.anndiagpath.2012.06.001

	Triple-negative breast carcinomas of low malignant potential: review on diagnostic criteria and differential diagnoses
	Abstract
	Introduction
	Tumours with epithelial and myoepithelial differentiation
	Adenoid cystic carcinoma (AdCC)
	Adenomyoepithelioma and its malignant counterpart

	Tumours with pure epithelial differentiation
	Mucoepidermoid carcinoma (MEC)
	Acinic cell carcinoma (ACC)
	Tall cell carcinoma with reverse polarity (TCCRP)
	Secretory carcinoma


	This link is 10.1007/s00428-1687-,",
	Conclusions
	References


