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12Less Common Triple-Negative Breast 
Cancers

Poonam Vohra, Yunn-Yi Chen, and Gregor Krings

 Adenoid Cystic Carcinoma

 Overview and Clinical Presentation

Adenoid cystic carcinoma (AdCC) of the breast is a rare and 
histologically distinct triple-negative and basal-like cancer, 
which accounts for <0.1% of all breast carcinomas. 
Previously termed cylindroma, AdCC of the breast was first 
described by Geschickter [1]. Classic AdCC follow an indo-
lent clinical course and generally has an excellent prognosis 
[2–4]. The incidence of mammary AdCC has remained sta-
ble over the last 30 years without a notable rise following 
widespread use of mammography since the 1980s. It occurs 
more frequently in the sixth or early seventh decade and is 
extremely unusual in younger and premenopausal women 
[2]. The incidence ratio for black women is 39% lower than 
for white women. Although far more common in women, 
AdCC has also been described in men [5, 6]. The tumor typi-
cally presents as a palpable mass that is occasionally tender 
to palpation. A few reported cases have been detected inci-
dentally on routine screening mammograms of asymptom-
atic patients. AdCC is often located in the central or 
subareolar region [7]. Despite this central location, nipple 
discharge is rarely present. AdCC is only rarely fixed to the 
overlying skin, nipple, or pectoral muscles [7]. The right and 
left breasts are equally affected, and there is no predilection 
for AdCC to develop bilaterally [8].

 Gross and Radiologic Features

On gross examination, AdCC is usually circumscribed and 
nodular, ranging from 0.5 to 12 cm in size, with an average 

of 3 cm. Microcysts (pink, tan, or gray) may occasionally be 
noted grossly [9].

On mammography, AdCC can appear either as a well- 
defined lobulated or ill-defined mass or occasionally as an 
asymmetric density with microcalcifications [7, 10]. Rare 
tumors may present as a spiculated lesion. In one case, MRI 
revealed an unusual pattern of early enhancement (but no 
washout) extending from the periphery to the center gradu-
ally [10]. These tumors exhibit minimal vascularity on color 
Doppler imaging and on positron emission tomography 
(PET) scan [11, 12]. AdCC usually does not show the typical 
appearance of invasive ductal carcinoma (IDC) on either 
mammogram or ultrasonography due to its well-defined 
nature with less surrounding architectural disruption and 
fibrosis. Accordingly, a “negative” finding or a benign- 
looking breast lesion on imaging cannot completely exclude 
the possibility of AdCC. On the other hand, the presence of a 
painful breast lesion without obvious inflammatory signs can 
lead to diagnostic suspicion [12].

 Microscopic Features

AdCC demonstrates distinct histologic features analogous to 
its counterpart in the salivary glands, lung, and skin. Based 
on architectural and cytologic features, three subtypes have 
been recognized by the most recent World Health 
Organization (WHO) classification of breast tumors: classic 
AdCC, solid basaloid AdCC (SB-AdCC) and AdCC with 
high-grade transformation [13]. Classic AdCC constitutes 
the vast majority of breast AdCC.  These tumors are com-
posed of a dual population of luminal epithelial cells and 
abluminal myoepithelial/basaloid cells, arranged in varied 
architectural patterns including cribriform, tubular, reticular, 
solid, and mixed (Figs.  12.1, 12.2, 12.3, 12.4, 12.5, and 
12.6). The most frequent cribriform variant is characterized 
by a sieve-like growth pattern, in which sheets of epithelial 
cells are punctuated by round or oval gland-like spaces 

P. Vohra · Y.-Y. Chen · G. Krings (*) 
Department of Pathology, University of California San Francisco 
(UCSF), San Francisco, CA, USA
e-mail: Poonam.vohra@ucsf.edu; yunn-yi.chen@ucsf.edu; 
gregor.krings@ucsf.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
S. J. Shin et al. (eds.), A Comprehensive Guide to Core Needle Biopsies of the Breast, 
https://doi.org/10.1007/978-3-031-05532-4_12

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05532-4_12&domain=pdf
mailto:Poonam.vohra@ucsf.edu
mailto:yunn-yi.chen@ucsf.edu
mailto:gregor.krings@ucsf.edu
mailto:gregor.krings@ucsf.edu
https://doi.org/10.1007/978-3-031-05532-4_12#DOI


464

a b

c d

Fig. 12.1 Core needle biopsy of adenoid cystic carcinoma, cribriform 
growth pattern. (a–d) CNB reveals nests of tumor cells with a charac-
teristic sieve-like (cribriform) growth pattern, in which clusters of neo-

plastic epithelial and myoepithelial cells are punctuated by round to 
oval spaces containing myxoid basement membrane material

(Fig.  12.1a–d). The dominant myoepithelial/basaloid cells 
have scant eosinophilic to clear cytoplasm and angulated to 
oval, hyperchromatic monomorphic nuclei, whereas the 
luminal epithelial cells are slightly larger, with modest 
amounts of eosinophilic cytoplasm and rounded nuclei 
(Fig. 12.2a–c). Mitotic activity is generally low. Two types of 
lumens are identified: “pseudolumens,” comprising the char-
acteristic cribriform spaces lined by myoepithelial cells, and 
true glandular lumens, lined by luminal epithelial cells 
(Fig.  12.4a–e). The pseudolumens contain basement 
 membrane material, which may appear as Alcian blue- 
positive loose myxoid substance or PASD-positive eosino-
philic hyalinized spherules. Immunostains for type IV 
collagen and laminin highlight the basement membrane 
components within the pseudolumens [14] (Fig.  12.4f, g). 
The true glandular lumens may show PAS-positive eosino-
philic secretions.

AdCC may also assume a reticular architecture, in which 
the neoplastic cells are arranged in interconnected thin 
strands associated with myxoid or hyaline basement mem-
brane material (Fig. 12.5a–d). Interspersed ductules may be 
appreciated on careful inspection. AdCC with tubular growth 
pattern comprises ductules or tubules lined by luminal epi-
thelial cells and surrounding abluminal myoepithelial cells. 
The tubular pattern is often admixed with areas of cribriform 
growth (Fig. 12.6a–f).

First described by Shin and Rosen in 2002 [15], the rare 
SB-AdCC subtype is characterized by infiltrating irregular 
solid nests or islands of basaloid tumor cells within a hyalin-
ized, myxoid, or desmoplastic stroma (Fig.  12.7a–d). 
Compared to classic AdCC, the tumor cells in the solid- 
basaloid subtype are larger, with hyperchromatic nuclei, 
moderate to marked atypia, and increased mitotic activity 
[15] (Fig.  12.8a, b). Foci of necrosis may be present, and 
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Fig. 12.2 Adenoid cystic carcinoma with dual population of tumor 
cells. (a, b) The myoepithelial/basaloid cells in these examples demon-
strate scant cytoplasm and enlarged nuclei with irregular borders and 
open chromatin, whereas the luminal epithelial cells display more dis-
tinct eosinophilic cytoplasm and slightly smaller nuclei. (c) The myo-

epithelial cells of this case show scant pale to clear vacuolated cytoplasm 
and oval hyperchromatic nuclei. The luminal epithelial cells are larger, 
with more eosinophilic cytoplasm and rounded nuclei. Note the lumen 
formation by both populations of tumor cells in these examples

perineural invasion and lymphovascular invasion are fre-
quent findings. Whereas a dual population of ductal and 
myoepithelial cells is considered to be the cardinal feature 
for diagnosis of AdCC, this phenotype is not conspicuous in 
the solid basaloid subtype, with the tumor showing basaloid 
cells, apparent loss of the biphasic cellular components, and 
decrease or loss of myoepithelial marker expression [15–18]. 
Immunostaining is often required to highlight any focal, sub-
tle second cell population and true glandular lumens in 
SB-AdCC (Fig.  12.9a–f). The identification of so-called 
intercalated ducts, which appear eosinophilic in the back-
ground of dark basaloid cells, is helpful in recognizing this 
variant (Fig. 12.9). It has been suggested that the basaloid 
tumor cells probably represent poorly differentiated or undif-

ferentiated primitive precursor cells capable of differentiat-
ing into myoepithelial-like or luminal-type cells [15, 16].

AdCC with high-grade transformation has been well doc-
umented in the salivary gland but is vanishingly rare in the 
breast. This subtype is characterized by either classic or 
SB-AdCC associated and merged with a high-grade carci-
noma, which has been reported to include high-grade triple- 
negative breast cancer (TNBC) of no special type [19, 20] 
and small cell neuroendocrine carcinoma [21]. A rare meta-
plastic carcinoma with an associated AdCC component has 
been described [22].

In rare cases, the epithelial cells of AdCC can demon-
strate squamous or sebaceous differentiation [2]. AdCC has 
been observed in association with microglandular adenosis, 
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Fig. 12.3 Core needle biopsy of adenoid cystic carcinoma, mixed growth patterns. (a) This AdCC demonstrates varied growth patterns, (b) 
including some areas with irregular infiltrating trabeculae, (c) and other areas showing nested and glandular growth with focal cribriforming

tubular adenosis, papilloma, adenomyoepithelioma, and 
low-grade adenosquamous carcinoma [3, 23–25], suggesting 
a close relationship between breast lesions displaying bipha-
sic epithelial–myoepithelial differentiation (Fig. 12.10). An 
in situ lesion with adenoid cystic features has been described 
[15, 23]. However, the distinction between in situ and inva-
sive AdCC may be challenging.

Similar to its counterpart in the salivary gland but to a 
much lower frequency, AdCC of the breast can demonstrate 
perineural invasion [26, 27], which may be associated with 
the clinical finding of a painful breast mass (Fig.  12.11). 
Lymphatic tumor emboli are extremely uncommon in classic 
AdCC.  As mentioned above, perineural invasion and lym-
phovascular invasion are more frequently observed in 
SB-AdCC.  Despite being well circumscribed on imaging 
and gross evaluation, the tumor borders are usually at least 
focally infiltrative microscopically. In fact, scant tubular or 
cribriform glands may be noted at some distance (>1  cm 

away) from the grossly identified mass, sometimes in the 
form of perineural invasion. This feature may partly contrib-
ute to the local recurrence observed in some patients with 
AdCC after breast-conserving surgery.

Ro et al. suggested that AdCC can be stratified into three 
grades based on the proportion of solid growth within the 
tumor: grade I—no solid component; grade II—<30% solid 
component; and grade III—>30% solid component. Grade II 
and III tumors tended to be larger and were more likely to 
recur and rarely metastasize [3, 28]. However, the prognostic 
significance of this histologic grading scheme has not been 
confirmed by other studies [16, 29]. The current (eighth edi-
tion) American Joint Commission on Cancer staging manual 
recommends that the modified Scarf-Bloom-Richardson 
(SBR) grading system be applied for all breast cancer sub-
types, including AdCC. Using the SBR grading system, most 
classic AdCC are grade 2, whereas SB-AdCC can be either 
grade 2 or 3 [18, 30]. Given the unclear significance of histo-
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logic grading and the overall excellent prognosis of AdCC, 
except for the solid basaloid subtype, we generally do not 
grade these tumors on core needle biopsies (CNB).

 Immunohistochemistry

The two different cell types of classic AdCC can be readily 
distinguished by immunohistochemistry. The myoepithelial 
cells are typically positive for high-molecular-weight cyto-

keratins (HMWCK; CK5/6, CK14, CK17) and a subset of 
myoepithelial cell markers (p63, smooth muscle actin 
[SMA], S100 protein), but are usually negative for other 
myoepithelial markers, which can include calponin, smooth 
muscle myosin (SMM), and CD10 (Figs. 12.12b–f, 12.13b, 
and 12.14c, d). This suggests an incomplete or aberrant myo-
epithelial phenotype. Which myoepithelial cell markers are 
positive or negative in a given tumor is not predictable. The 
luminal epithelial cells show positivity for CK7, CK8/18, 
CD117 (c-kit), epithelial membrane antigen (EMA), and car-

Fig. 12.4 True lumens and pseudolumens of adenoid cystic carci-
noma. (a–e) Pseudolumens are lined by myoepithelial cells and often 
contain basement membrane material, which may appear as either loose 
myxoid substance or eosinophilic hyalinized spherules. In contrast, true 

glandular lumens are lined by luminal epithelial cells and may be empty 
or show intraluminal eosinophilic secretions. Immunostains for laminin 
(f) and (g) collagen type IV highlight the basement membrane material 
within pseudolumens

a b

c d
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cinoembryonic antigen (CEA) [31] (Figs.  12.9c, 12.12f, 
12.13c, and 12.14e). The basaloid cells in the SB-AdCC are 
often diffusely CK7 positive, and p63 may be negative or 
only focally positive, sometimes at the periphery of the 
tumor nests [15, 18, 30] (Figs. 12.9f and 12.15c). Therefore, 
negative or minimal staining for myoepithelial markers in a 
tumor with basaloid features does not exclude the diagnosis 
of SB-AdCC [15]. The MYB transcription factor is expressed 
predominantly in the myoepithelial cells of classic AdCC 
and is often positive in the basaloid cells of SB-AdCC [18, 
32] (Figs. 12.14f and 12.15e). MYB expression is typically 
diffuse and strong in SB-AdCC on CNB, whereas only 
peripheral tumoral staining may be seen in some excised 
tumors, which may be due to short protein half-life and 
incomplete formalin fixation [18, 33]. SOX10 is expressed 
by both epithelial and myoepithelial cells [34] (Fig. 12.15d).

Expression of CD117, a tyrosine kinase receptor, is iden-
tified in virtually all AdCC. CD117 reactivity is usually lim-
ited to the ductular epithelial cells but may exhibit a more 
diffuse pattern in some cases, especially in SB-AdCC [18, 
22] (Figs.  12.8c, 12.13c, and 12.14e). Although CD117 
expression is helpful in the diagnosis of AdCC, this marker 
is not specific for this tumor type. Despite a high level of 
protein expression, recurrent KIT gene aberrations have not 
been identified [31].

AdCC are usually negative for estrogen receptor (ER) 
and progesterone receptor (PR) and consistently lack HER2 
protein overexpression and gene amplification [35]. 
However, a small subset of AdCC may be ER/PR positive 
[15, 29, 35]. A novel 36 kDa isoform of ER (ER-α36) has 
been detected in AdCC [36]. Androgen receptor (AR) is 
usually negative [37, 38].

e f

g

Fig. 12.4 (continued)
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Fig. 12.5 Core needle biopsy of adenoid cystic carcinoma, reticular growth pattern. (a–d) The reticular growth pattern is characterized by neo-
plastic cells arranged as interconnected thin strands with associated myxoid or hyaline matrix. The matrix material may compress the glands

Although other TNBC generally have high proliferative 
activity, several studies have reported a low Ki-67 prolifera-
tion rate in classic AdCC (average ~5 to 10%) [18, 39, 40]. 
The SB-AdCC subtype, in agreement with increased mitotic 
count compared to classic AdCC, has a significantly higher 
Ki-67 proliferation index (average ~30%) [17, 18] 
(Fig. 12.15f).

 Differential Diagnosis

The differential diagnosis of AdCC depends largely on the 
growth pattern. Cribriform pattern AdCC can mimic and be 
confused with invasive cribriform carcinoma, cribriform 
ductal carcinoma in situ (DCIS), and collagenous spherulo-
sis, especially in small tissue samples obtained by CNB 

(Fig. 12.16a–f). The cribriform glands of invasive cribriform 
carcinoma are usually angulated, lined by a single popula-
tion of luminal-type epithelial cells, and present within des-
moplastic stroma. Luminal contents may contain 
calcifications and mucin. In contrast, cribriform AdCC dem-
onstrates a dual cell population, with pseudolumens filled 
with basement membrane material. Immunophenotypically, 
invasive cribriform carcinoma is negative for myoepithelial 
markers and positive for ER and PR, whereas AdCC 
expresses at least some myoepithelial markers and is usually 
hormone receptor (HR) negative. Cribriform DCIS reveals a 
lobulocentric arrangement, with a single population of 
luminal- type epithelial cells comprising the proliferative 
component. Although myoepithelial cells are present in crib-
riform DCIS, they are limited to the periphery of the ducts 
and are not admixed with the epithelial cells as in AdCC. In 
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Fig. 12.6 Adenoid cystic carcinoma, tubular growth pattern. (a) The 
tubular growth pattern of AdCC demonstrates distinctly infiltrative 
ductules, (b, c) which on higher power are noted to be composed of 
luminal epithelial and abluminal myoepithelial cells. (d) The tubular 
glands show positive immunohistochemical staining for p63, which can 
be mistaken for a benign glandular proliferation such as a sclerosing 

lesion. Note the presence of two benign ducts in the lower left corner. 
Immunostains for other myoepithelial markers such as calponin (e) and 
SMM, and ER (f) are helpful in such cases, as calponin and SMM are 
usually negative in the neoplastic myoepithelial cells of AdCC but posi-
tive in myoepithelial cells associated with benign glandular lesions, 
while ER is negative in AdCC but patchy positive in benign glands

P. Vohra et al.
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Fig. 12.7 Core needle biopsy of adenoid cystic carcinoma, solid- 
basaloid subtype. (a, b) Lower power view shows infiltrating irregular 
trabeculae and “geographic” solid nests in a hyalinized stroma. (b, c) 

Medium- and high-power views demonstrate solid nests of tumor cells 
with basaloid features. (d) Note the admixture of solid nests and focal 
cribriform growth in some areas

addition, cribriform DCIS is typically ER positive. CD117 
immunoreactivity can be a helpful diagnostic adjunct in dif-
ferentiating AdCC from invasive cribriform carcinoma and 
cribriform DCIS. The latter two cribriform lesions generally 
do not express CD117, as opposed to positive CD117 stain-
ing in most AdCC. However, it is important to note that lack 
of CD117 staining in a CNB does not necessarily exclude the 
cribriform pattern of AdCC, because CD117-positive ductu-
lar cells may be sparsely present. The distinction of AdCC 
from collagenous spherulosis may be challenging due to the 
biphasic nature of the epithelial–myoepithelial proliferation, 
the presence of true glandular and pseudolumens, and the 
accumulation of myxoid material and eosinophilic spherules 
shared by both lesions. However, collagenous spherulosis is 
a benign entity confined to preexisting ducts, lobules, or pro-
liferative lesions and is not infiltrative. Furthermore, although 

both lesions demonstrate p63- and SMA-positive myoepi-
thelial cells surrounding pseudolumens, the myoepithelial 
cells of AdCC often lack expression of SMM and calponin, 
whereas these markers are positive in the true myoepithelial 
cells of collagenous spherulosis (Fig. 12.16a–f). Figure 12.17 
depicts a flow chart that is helpful in evaluating cribriform 
proliferations of the breast, and the characteristic immuno-
profiles of these lesions are summarized in Table 12.1.

The tubular component of AdCC should be distinguished 
from tubular carcinoma, microglandular adenosis (MGA) 
and radial sclerosing lesion. Attention to the cellular compo-
nents (single cell type versus biphasic  epithelial- myoepithelial 
populations) and luminal contents (presence of basement 
membrane material) in conjunction with a selective panel of 
immunohistochemical markers are helpful to make the dis-
tinction, which are summarized in Table 12.2.

12 Less Common Triple-Negative Breast Cancers
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Fig. 12.8 Core needle biopsy of adenoid cystic carcinoma, solid- 
basaloid subtype. (a) High magnification reveals medium to large basa-
loid cells with scant cytoplasm, round to oval hyperchromatic nuclei, 

and inconspicuous nucleoli. The stroma is slightly desmoplastic in this 
case. (b) Note nuclear atypia is severe. (c) Diffuse positive immunos-
taining of the tumor cells for CD117

The main differential diagnosis for SB-AdCC includes 
high-grade IDC (especially tumors with basal-like features), 
small cell carcinoma (primary and metastatic), solid papillary 
carcinoma, Merkel cell carcinoma, lymphoma, and cylin-
droma of the breast. High-grade IDC with basal-like features 
often demonstrate large necrotic or fibrotic foci, pushing bor-
ders, and/or a prominent lymphoplasmacytic infiltrate. Small 
cell carcinoma is distinguished from SB-AdCC by prominent 
nuclear molding, necrosis with frequent apoptotic bodies, and 
significantly higher mitotic activity and Ki-67 proliferative 
index. In contrast to SB-AdCC, neuroendocrine markers may 
be positive in small cell carcinoma and Merkel cell carci-
noma, the latter of which typically also expresses CK20 and 
neurofilament. Identification of intercalated ducts in 
SB-AdCC may be useful. In most cases, immunostains will 
be required to help establish the correct diagnosis. Table 12.3 
summarizes the immunohistochemical markers useful in the 
workup of lesions with solid and “basaloid” features.

Cylindroma of the breast (dermal analog tumor) is a rare 
benign tumor with eccrine phenotype that can be confused with 
SB-AdCC, especially in CNB, as both tumors have nodular 
and trabecular patterns, basaloid cells with admixed duct struc-
tures, and hyaline globules of basement membrane material. 
However, infiltrative growth, cytologic atypia, mitotic activity, 
and lack of continuous, thickened basement membrane around 
tumor cell nests in SB-AdCC can help to differentiate the two. 
In addition, AdCC may be associated with mucin production, a 
feature not observed in cylindroma [41, 42].

 Pathogenesis and Risk Factors

Although the origin of AdCC of the breast has been debated, 
it is generally accepted that this tumor is likely derived from 
undifferentiated cells that have the capacity to differentiate 
toward ductal and myoepithelial lineages [15, 16, 43].

P. Vohra et al.
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Fig. 12.9 Solid-basaloid subtype of adenoid cystic carcinoma, interca-
lated ducts. (a, b) Note slightly eosinophilic intercalated ducts subtly 
embedded within nests of dark basaloid cells. (c) CK7 highlights the 
glandular component and is negative in the basaloid cells. (d–f) Another 
example of SB-AdCC showing dispersed intercalated ducts within solid 

nests (d). The glandular component in this SB-AdCC is positive for 
CK5/6 (e) but negative for CK7 (f), while the basaloid cells are dif-
fusely positive for CK7. These two examples illustrate that cytokeratin 
expression pattern is variable between different cases of SB-AdCC, 
likely reflecting the poorly differentiated state of the neoplastic cells

12 Less Common Triple-Negative Breast Cancers



474

a b

c d

Fig. 12.10 Adenoid cystic carcinoma arising in association with intra-
ductal papilloma. (a) This invasive AdCC (lower left) is arising in asso-
ciation with intraductal papillomas (upper right). (b) Higher power 
magnification demonstrates the typical biphasic epithelial and myoepi-
thelial tumor cells of adenoid cystic carcinoma involving an underlying 
papilloma. Note the presence of residual papillary fibrovascular cores. 

(c) An immunohistochemical stain for p63 shows positive staining of 
the tumor cells and benign myoepithelial cells lining the periphery of 
the involved duct. (d) In contrast, an immunohistochemical stain for 
SMM is characteristically negative in the tumor cells but also highlights 
the benign myoepithelial cells of the involved duct

Fig. 12.11 Adenoid cystic carcinoma with 
perineural invasion. Similar to its counterpart in the 
salivary gland, albeit less frequently, AdCC of the 
breast can demonstrate perineural invasion and may 
be associated with clinical findings of a painful breast 
mass

P. Vohra et al.
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Fig. 12.12 Immunohistochemistry highlights the dual neoplastic cell 
populations in adenoid cystic carcinoma. (a) The neoplastic myoepithe-
lial cells are immunopositive for (b) p63 and (c) SMA but are negative 

for (d) SMM and (e) calponin. In contrast, the neoplastic epithelial cells 
are decorated by (f) CK7

12 Less Common Triple-Negative Breast Cancers
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Fig. 12.13 Immunohistochemistry reveals a basal-like phenotype in 
AdCC. (a) This cribriform AdCC shows easily identified dual tumor 
cell populations. (b) The basaloid cells are typically immunoreactive 

for high-molecular-weight cytokeratins, such as CK5/6. (c) The basal 
marker CD117 is positive in most AdCC, often preferentially staining 
the luminal epithelial cells, as seen in this example

Similar to its counterpart at other anatomic sites, most 
classic AdCC of the breast harbor a t(6:9)(q22–23:p23–24) 
chromosomal translocation, which results in an expressed 
MYB-NFIB fusion gene [30, 44–46]. The fusion is thought to 
upregulate MYB RNA and MYB protein by removing 
microRNA binding sites in the MYB 3′ untranslated region or 
by super enhancer translocation [44]. The prevalence of 
MYB-NFIB is reported to be 33–100% in AdCC of the breast 
[39, 44, 47]. Alternate genetic drivers in AdCC lacking the 
MYB-NFIB fusion gene include MYB amplification, deletion 
of downstream sequences harboring presumed MYB regula-
tory element(s), and rearrangements involving MYBL1, 
which encodes A-MYB, a protein sharing extensive homol-
ogy with c-MYB (encoded by MYB) [48]. In contrast to 
TNBC of no special type, classic AdCC have simple 
genomes, a low exonic mutation burden, and absence of 

PIK3CA and TP53 mutations. Similar to salivary gland 
AdCC, classic breast AdCC harbor mutations in chromatin 
remodeling, cell adhesion, and canonical signaling pathway 
genes [45]. MYB-NFIB fusions are much less common (~13–
19%) in SB-AdCC than classic AdCC [18, 30]. In contrast to 
classic AdCC and TNBC of no special type, SB-AdCC fre-
quently harbor inactivating mutations in CREBBP and acti-
vating mutations in NOTCH1 or NOTCH2 [18]. SB-AdCC 
were also found to have less genomic instability and less fre-
quent TP53 mutations than TNBC of no special type [18]. 
The majority of AdCC (classic and SB-AdCC) express high 
levels of MYB protein, suggestive of a convergent phenotype 
in which activation of MYB and MYBL1 and downstream tar-
gets can be driven by various mechanisms. Genetic analysis 
of AdCC with high-grade transformation is limited, but two 
tumors with transformation to high-grade TNBC were found 
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Fig. 12.14 Core needle biopsy of adenoid cystic carcinoma. (a) Low- 
power magnification shows an epithelial neoplasm arranged in cribri-
form growth pattern. (b) High magnification demonstrates dual 
neoplastic populations comprising basaloid cells surrounding larger 
lumens and slightly eosinophilic epithelial cells forming smaller 
lumens. Note the presence of lightly basophilic myxoid substance in the 

larger lumens. The basaloid cells are positive for p63 (c) and negative 
for calponin (d), while CD117 stain decorates the epithelial cells (e). 
The neoplastic cells show strong nuclear expression of MYB (f), pre-
dominantly in the basaloid cells. The morphologic features and immu-
nophenotype support the diagnosis of AdCC, classic subtype
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Fig. 12.15 Core needle biopsy of adenoid cystic carcinoma, solid- 
basaloid subtype. (a) Low-power view reveals an epithelial neoplasm 
infiltrating as irregular solid nests in a hyalinized and focally myxoid 
stroma. (b) High-power view demonstrates basaloid cells with high 
nuclear-to-cytoplasmic ratio and moderate to marked nuclear atypia. 

The neoplastic cells lack expression of myoepithelial markers p63 (c) 
and SMM (not shown) and are strongly positive for SOX10 (d) and 
MYB (e). The morphologic features and immunophenotype support the 
diagnosis of SB-AdCC. Note SB-AdCC has a higher Ki-67 prolifera-
tion index (f) than what is observed in classic AdCC

to harbor MYB-NFIB fusions in both the AdCC and high-
grade TNBC components, with additional clonal aberrations 
in high-grade TNBC [20].

Because AdCC characteristically show MYB activation, 
MYB testing can be useful as a robust ancillary test in the 
workup of challenging cases where AdCC is included in the 
differential diagnosis. This includes (1) fluorescence in situ 
hybridization (FISH) using MYB break-apart probe, MYB- 
NFIB fusion probe, or MYBL1 break-apart probe [30, 48] 
(Fig.  12.18a); (2) Next-generation sequencing, (3) detec-
tion of MYB protein overexpression by immunohistochem-
istry (Figs. 12.14f, 12.15e, and 12.18b) [18, 32, 48]; and (4) 
MYB RNA in situ hybridization (ISH) [49, 50]. FISH is 
very specific but least sensitive. Immunohistochemistry 
(with a positive result defined as strong staining in ≥50% 
tumor cells) is sensitive and readily available in many labo-
ratories, but less specific. Immunohistochemistry is overall 
likely to be more useful in CNB than excision specimens 
due to poor staining in central areas of some excised 
tumors, which is likely related to fixation [18, 48]. In the 
salivary gland, MYB RNA ISH has been shown to provide 
superior sensitivity for the diagnosis of AdCC compared 
with MYB FISH and superior specificity compared with 
MYB immunohistochemistry [49].

AdCC displays a triple-negative and basal-like phenotype 
and clusters with basal-like breast cancers by gene expres-
sion profiling [37, 43, 51]. However, in contrast to other 
triple- negative tumors such as metaplastic carcinomas, 
AdCC forms a separate subgroup within the basal-like group 
by hierarchical clustering [37]. These findings further sup-
port the distinction of AdCC as a specific subtype of 
 basal- like cancer. Some AdCC may belong to the claudin-
low molecular subgroup, which is characterized by stem 
cell-like features and low expression of claudins, E-cadherin, 
and proliferation genes [31]. A characteristic CD44+/
CD24—stem cell marker immunophenotype, which has 
been associated in some studies with tumor initiation, 
 progression and survival and resistance to therapy, has been 
observed in AdCC [31, 52].

 Prognosis and Clinical Management

Recognition of AdCC as a distinct subtype of TNBC is of 
clinical relevance due to the indolent behavior and excel-
lent prognosis of classic AdCC [3, 4, 28]. Classic AdCC 
presents mostly as a localized disease (pathologic stage T1 
or T2) with a low incidence of lymph node (0–5%) or dis-
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Fig. 12.16 Collagenous spherulosis (CS). (a, b) Core needle biopsy of 
CS, showing cribriform glands with associated calcifications. (c) The 
cribriform pattern with dual epithelial and myoepithelial cell popula-
tions and the presence of basement membrane material within pseudo-
lumens can mimic the cribriform pattern of AdCC. Note the eosinophilic 

cuticles lining pseudolumens of CS, which are not a feature of 
AdCC. Immunohistochemical stains for (d) p63 and (e) SMM highlight 
the myoepithelial cells of CS, whereas neoplastic myoepithelial cells of 
AdCC are often negative for SMM. (f) The luminal epithelial cells of 
CS are immunoreactive for CAM5.2
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tant (<3%) metastasis at the time of diagnosis [2, 51]. The 
most common sites of distant metastases are the lung and 
bone [2, 27, 53], in contrast to other TNBC, which fre-
quently affect the brain and lung. At variance with TNBC 

of no special type, which usually recurs within the first 
3 years after diagnosis, AdCC can recur both locally and 
with metastatic disease many years after the initial presen-
tation. However, even with local recurrence or distant 
metastases, these patients have a prolonged and indolent 
clinical course, with a 10-year survival of 90–100% [38, 
53, 54]. Death from AdCC of the breast is extremely 
unusual [55]. The development of a second malignancy fol-
lowing the diagnosis of AdCC has been documented, and 
all patients should continue to be followed for this risk [2, 
53, 56].

Limited data in the literature provide either no evidence 
or conflicting results on the prognostic value of histologic 
or nuclear grading and proliferative activity [16, 28, 29]. 
However, SB-AdCC appears to be associated with a more 
aggressive clinical course, with increased risk of axillary 
lymph node involvement and distant metastasis [17, 18, 
30, 31]. Even with metastasis, patients with SB-AdCC 
may survive for an extended period, suggesting that this 
subtype is not as aggressive as high-grade TNBC of no 
special type.
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Calponin+
SMM+

MEC+

Calponin-
SMM-

MEC-

Coll Spherulosis

Cribriform DCIS Inv Cribriform CA

Adenoid Cystic CAYes
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? Pseudolumens with
BM material, lined by

p63/SMA+ cells

BM: basement membrane
MEC: myoepithelial markers

Cribriform Lesions of the Breast

No

Fig. 12.17 Flow chart for cribriform proliferations of the breast

Table 12.1 Immunophenotype of cribriform breast lesions

Immunostain AdCC
Invasive cribriform 
carcinoma

Cribriform 
DCIS Collagenous spherulosis

p63 and SMA Myoepithelial cells + – Periphery of 
duct +

Myoepithelial cells within and at 
periphery of duct +

Calponin and SMM Usually − – Periphery of 
duct +

Myoepithelial cells within and at 
periphery of duct +

Low-molecular-weight keratins 
(CK7, CAM5.2)

Epithelial cells + Diffusely + Diffusely + Epithelial cells +

CD117 +, Usually in epithelial 
cells

– – − To patchy + in epithelial cells

Estrogen receptor (ER) Usually − Diffusely + Diffusely + Epithelial cells patchy +

Table 12.2 Morphologic features and immunohistochemical markers helpful in the distinction of tubular variant adenoid cystic carcinoma from 
histologic mimics

Histopathologic features AdCC (tubular variant) Tubular carcinoma
Microglandular 
adenosis Radial sclerosing lesion

Cell types Epithelial and myoepithelial Epithelial Epithelial Epithelial and 
myoepithelial

Luminal contents True lumens: Mucin or 
eosinophilic secretions
Pseudo lumens: Myxoid or 
hyalinized basement membrane 
material

+/− Calcifications PASD-positive 
colloid-like 
eosinophilic secretions

+/− Calcifications

Immunohistochemistry for 
myoepithelial markers (p63, SMM, 
calponin, SMA)

Positive for p63 and SMA; 
often negative (or variable 
staining) for calponin and 
SMM

Negative for all 
myoepithelial 
markers

Negative for all 
myoepithelial markers

Positive for all 
myoepithelial markers 
(attenuation in some 
cases)

Estrogen receptor Negative Diffusely and 
strongly positive

Negative Positive, patchy staining 
with variable intensity

Other immunohistochemical 
markers

Diffusely and strongly positive 
for MYB (predominantly in 
myoepithelial cells)

Strongly positive for 
S100 protein; negative 
for MYB

P. Vohra et al.



481

Table 12.3 Immunohistochemical markers useful in the distinction of solid basaloid AdCC from histologic mimics

Pankeratin CK 7 CK 20 p63 TTF-1 NSE SYN CHROMO LCA
SB-AdCC + +a − −/+b − − − − −
Small cell carcinoma (primary) +c + − − −/+ + +/− +/− −
Small cell carcinoma (secondary from lung) +c − − − + + +/− +/− −
Merkel cell carcinoma of the skin +c − + − − + +/− +/− −
Lymphoma − − − − − − − − +

a Positive in basaloid cells
b Often negative or only focally positive
c May be patchy and weak, with perinuclear dot-like pattern

a b

Fig. 12.18 MYB-NFIB translocation and MYB protein overexpression 
in adenoid cystic carcinoma. (a) Fluorescence in situ hybridization 
demonstrates evidence of MYB rearrangement (MYB break-apart 

probe). (b) The MYB-NFIB fusion results in MYB overexpression, 
which is highlighted by MYB immunostaining in this example of 
AdCC

Due to the rarity of AdCC in the breast, there is no con-
sensus on the optimal management of patients with these 
tumors [33]. Current treatment generally includes complete 
surgical resection with or without axillary sentinel lymph 
node sampling or adjuvant radiotherapy [29]. In one study, 
a high rate (42%) of positive surgical margins was observed 
after breast-conserving surgery [57]. Reported recurrence 
rates ranged from 6 to 37% after local excision only [26, 
29, 53, 56]. A large study from the California Cancer 
Registry reported a significant benefit for adjuvant radio-
therapy on overall survival and disease-specific survival in 
patients with AdCC [58], and some suggest that postopera-
tive radiation should be considered for all patients after 
lumpectomy irrespective of margin status, given the high 
rate of positive margins after breast-conserving surgery 
[55, 59]. Most patients are not eligible for hormonal ther-
apy due to negative hormonal receptor status. For most 
patients with classic AdCC, chemotherapy is likely not 
indicated [60]. More frequent axillary and distant metasta-
ses in SB-AdCC may suggest a role for chemotherapy in 
patients with this rare subtype, and most reported SB-AdCC 

cases in the literature have received chemotherapy. Given 
their frequency in SB-AdCC, activating NOTCH mutations 
could be a potential future therapeutic target [61].

 Tall Cell Carcinoma with Reversed Polarity

 Overview and Clinical Presentation

Tall cell carcinoma with reversed polarity (TCCRP) is a 
rare triple-negative invasive breast carcinoma with charac-
teristic histologic and molecular features, an indolent clini-
cal course, and favorable prognosis [62–66]. TCCRP was 
first described by Eusebi et al. [62] in 2003 as “breast tumor 
resembling tall cell variant of papillary thyroid carcinoma” 
because of its morphological resemblance to papillary thy-
roid carcinoma (PTC), with less than 100 cases reported in 
the literature since [62, 64–78]. This tumor has also been 
referred to as “solid papillary carcinoma with reverse polar-
ity” [63] and “solid papillary carcinoma resembling the tall 
cell variant of papillary thyroid carcinoma” [62–64, 66, 
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79]. The fifth edition of the WHO classification of breast 
tumors has included TCCRP as a distinct type of invasive 
breast carcinoma [80].

TCCRP primarily affect patients in the sixth decade 
(range of 39–89  years, median age 64), with all reported 
cases having been in women [63–78, 81, 82]. TCCRP usu-
ally presents as a palpable and well-defined nodule that is 
occasionally tender to palpation [71], or less frequently as a 
screen-detected non-palpable lesion with associated micro-
calcifications [64, 68, 70–73, 75, 77, 78].

 Gross and Radiologic Features

On gross evaluation, TCCRP usually appears as a well- 
circumscribed, firm, white to gray mass ranging in size from 
0.6 to 8.5 cm, with an average of 2.6 cm [62, 66–69, 72, 75, 
77, 78]. The cut surface is generally solid and grayish-white 
to tan in color [77]. A brownish, translucent, multinodular 
cut surface resembling hyperplastic thyroid tissue may occa-
sionally be observed [67].

TCCRP is often interpreted as benign on mammography 
or ultrasound examination due to its circumscribed margins. 
On mammography, these tumors present either as a mass or 
pleomorphic calcifications [68, 77]. On ultrasound, they can 
appear either as a round, mildly hypoechoic mass with 
microlobulated margins without acoustic shadowing [68, 
70] or a well-circumscribed, hypoechoic mass with mixed 
posterior shadowing and enhancement and increased vascu-
larity [77].

 Microscopic Features

TCCRP has distinct morphology with cytoarchitectural fea-
tures analogous to the tall cell variant of PTC. At low power, 
most tumors have overall pushing margins (Fig.  12.19a); 
however, focal infiltrative growth into fat and entrapment of 
benign glands can usually be appreciated on closer evalua-
tion, which may help suggest an invasive process, especially 
in a CNB specimen [63, 64, 78] (Figs. 12.19b and 12.20). 
The tumor is composed of multiple circumscribed nests and 
nodules of epithelial cells haphazardly distributed in stroma. 
In some cases, the cellular nests are arranged in a jigsaw pat-
tern (Fig. 12.20). Many of the nodules are solid and contain 
thin papillae with delicate fibrovascular cores, creating a 
solid papillary pattern, whereas others are partly cystic with 
more conspicuous papillae, imparting a papillary appearance 
[62, 63, 65, 66] (Fig. 12.21a, c). Aggregates of foamy histio-
cytes are frequently present within the fibrovascular cores 
(Fig. 12.21b). Foci of cystically dilated glands or follicle-like 
structures containing eosinophilic amorphous colloid-like 
material with a scalloped periphery, reminiscent of a thyroid 
follicular pattern, can be seen in some tumors [64, 66] 
(Fig.  12.21d). The tumoral stroma is usually collagenous 
with little to no desmoplasia. Networks of small capillary- 
like vessels are present in a delicate garland-like fashion 
encircling the tumor nests [64, 83].

Cytologically, the tumor cells in TCCRP are cuboidal to 
tall columnar, usually with abundant granular eosinophilic 
cytoplasm (Fig. 12.22). Occasionally, the cytoplasm can be 
less granular but strongly eosinophilic [64]. The characteris-

a b

Fig. 12.19 Tall cell carcinoma with reversed polarity, tumor border. 
(a) Whole mount view of an excision for TCCRP demonstrates an over-
all circumscribed tumor with pushing margins that is often observed in 
this neoplasm. Note that the tumor is composed of multiple nodules and 

nests in the background of fibrotic stroma. (b) A CNB of TCCRP shows 
relatively circumscribed tumor-stroma interface, but with infiltration of 
tumor nests into fat
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Fig. 12.20 Core needle biopsy of tall cell carcinoma with reversed 
polarity. (a) This example of TCCRP shows multiple solid circum-
scribed nodules haphazardly distributed throughout the breast stroma 
imparting a jigsaw pattern. (b) The presence of focal tumor nests in the 
fat raises the possibility of an invasive process in a CNB. (c) Low mag-

nification demonstrates circumscribed solid papillary nodules growing 
around and between normal ducts, suggesting an invasive lesion. (d) 
Higher magnification further highlights normal ducts between tumor 
nodules. The stroma of TCCRP is typically collagenous and fibrotic, 
but may rarely show focal desmoplasia (lower central field)

tic cytoplasm has been shown to reflect the presence of abun-
dant mitochondria using an anti-mitochondrial antibody [62, 
66]. The neoplastic cells have round to oval, low- to 
intermediate- grade nuclei that often exhibit optical clearing, 
nuclear grooves, stratification, and cytoplasmic pseudoinclu-
sions [62–65, 72, 78], similar to the nuclei of PTC 
(Fig.  12.22c). The most distinguishing cytologic feature is 
reverse polarization, with the nuclei localized to the apical or 
adluminal, rather than at the basal, pole of the columnar 
tumor cells [62–65, 72, 77] (Fig. 12.22d–f). Psammoma bod-
ies [77] or granular calcifications may be identified within 
the colloid-like material or associated with the proliferative 
epithelium [62, 64, 66, 68, 77]. Mitotic activity is generally 
low, and there is no necrosis, or vascular or perineural inva-
sion. Areas of mucinous differentiation or apocrine metapla-
sia may rarely be present [77]. Using the Nottingham grading 

system, most tumors are histological grade 1, receiving 2 
points for nuclear grade, 1 point for mitotic activity, and 2 
points for glandular differentiation.

An in situ component has been described in some cases of 
TCCRP [66]. The distinction between in situ and invasive 
cancer can be challenging in tumors that are composed of 
well-circumscribed round nodules, but myoepithelial mark-
ers such as p63 and SMM are helpful [63, 64]. Foci of flat 
epithelial atypia (FEA) have been observed at the periphery 
of the tumor in a few cases [64].

 Immunohistochemistry

TCCRP typically shows strong and diffuse cytoplasmic 
expression for low-molecular-weight keratins (LMWCK, 
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Fig. 12.21 Tall cell carcinoma with reversed polarity, architectural 
patterns. Tumor cells in TCCRP can be arranged in various growth pat-
terns. (a) A major pattern is characterized by solid nodules containing 
thin papillae with delicate fibrovascular cores, imparting a solid papil-
lary appearance. (b) The fibrovascular cores of tumor nodules often 

contain aggregates of foamy histiocytes. (c) Some tumor nodules are 
partly cystic with more conspicuous papillae, creating a frankly papil-
lary appearance. (d) A follicular pattern features cystically dilated 
glands containing eosinophilic colloid-like material with a scalloped 
periphery, resembling thyroid follicles

e.g., CK7, CK19) and HMWCK (e.g., CK5/6, CK14 and 
CK34bE12) [62, 64, 66, 76] (Fig. 12.23). The tumor cells are 
also immunoreactive for calretinin (diffuse or focal), S100 
protein, mitochondrial antigen (accentuated at the basal 
pole), CEA, and BCL-2 [64, 65, 69, 71]. Despite the mor-
phologic resemblance to PTC, TTF-1, thyroglobulin, and 
HBME 1 are negative [70, 76, 77]. Breast origin is confirmed 
by variable staining for GATA3, mammaglobin, and GCDFP-
15 (Fig. 12.23f, g), which are positive in ~60% of cases [64, 
71, 75, 76].

E-cadherin stain shows strong lateral membrane expres-
sion with absent apical or basal expression, whereas MUC1 
and EMA highlight localization of the nucleus to the apical 
aspect of the tumor cells (Fig. 12.23h), supporting the mor-
phologic impression of reverse polarity [63]. No myoepithe-
lial cells are identified along the fibrovascular cores or at the 
periphery of the papillary, solid, or follicular structures with 

immunohistochemical stains for p63, calponin, SMM, and 
CD10 [64, 65, 69, 71, 78] (Fig.  12.23b, c). The lack of a 
peripheral myoepithelial layer, together with the haphazard 
distribution of the tumor nodules and infiltrative growth, 
supports TCCRP as an invasive process.

TCRRPs are usually negative for ER and PR and consis-
tently lack HER2 protein overexpression and gene amplifica-
tion (Fig. 12.23i). However, a small subset of TCCRP may 
show weak and focal ER and PR expression in 1–10% of 
tumor cells [63, 66, 69, 77]. Most cases have either absent or 
low AR expression, arguing against apocrine differentiation 
[64, 82]. The Ki-67 proliferation index is low (Fig. 12.23j), 
ranging from 1 to 5% in most tumors [64, 65, 69, 71]. The 
rich capillary network around tumor nests can be highlighted 
by vascular markers, such as CD31, ERG, or CD34.

Antibodies against IDH2 R172 mutant proteins have been 
shown to be highly sensitive (>90%) and specific (100%) for 

P. Vohra et al.



485

a b

c d

e f

Fig. 12.22 Tall cell carcinoma with reversed polarity, cytologic fea-
tures. (a, b) The tumor cells are tall columnar with abundant eosino-
philic cytoplasm and low- to intermediate-grade nuclei. (c) The nuclei 
are crowded and overlapping and exhibit nuclear grooves with scattered 

cytoplasmic pseudoinclusions, features mimicking thyroid papillary 
carcinoma. (d–f) These images highlight the characteristic reverse 
polarization of TCCRP in which the nuclei are localized in the apical 
rather than at the basal poles of the neoplastic columnar cells

the detection of the IDH2 R172 hotspot mutations in TCCRP, 
including in CNB [75, 82]. Using an antibody directed at 
IDH2 R172S, all tumors with either R172S or R172T muta-

tions were found to be immunoreactive, showing diffuse and 
strong staining with a cytoplasmic granular pattern 
(Fig. 12.24). The single tumor in this study with IDH2 R172I 
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Fig. 12.23 Tall cell carcinoma with reversed polarity, immunopheno-
type. (a–c) Although the tumor nests are circumscribed with a rounded 
contour on H&E section (a), they lack an investing myoepithelial layer 
as shown by the SMM (b) and p63 (c) immunostains, supporting the 
invasive nature of TCCRP. Note the absence of myoepithelial cells both 
at the periphery of the tumor nodules and along all the fibrovascular 
cores, while the entrapped benign ducts are positive for SMM and p63. 
The neoplastic cells demonstrate diffuse and strong expression of both 

HMWCK CK5/6 (d) and LMWCK CAM5.2 (e). Breast markers 
GATA3 (f) and mammaglobin (g) are variably positive in the tumor 
cells. (h) An EMA immunostain decorates the apical side of the colum-
nar cells where the nuclei are situated, confirming the reversed polarity 
of TCCRP. (i) The majority of these tumors are negative for ER (note 
positive staining in the entrapped normal ducts), PR (not shown), and 
HER2 (not shown). (j) The Ki-67 proliferation index is low

a b

c d

e f
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mutation was negative [82]. In another study, an antibody 
recognizing IDH2 epitopes R172A/C/D/E/G/L/Q/S/Y 
(MsMab-1) showed strong and diffuse immunopositivity in 
6 of 7 TCCRP with IDH2 mutations (R172G and R172S), 
with another tumor harboring an R172T mutation showing 
weak staining [75]. Other papillary neoplasms and all con-
ventional TNBC tested in these studies were negative, with 
the exception of weak staining (H-score ≤  40) in 3 non- 
TCCRP papillary lesions with MsMab-1 [75, 82]. 
Immunohistochemistry with IDH2 R172 mutation-specific 
antibodies can therefore be useful as a surrogate for genetic 
analysis or to triage tumors for sequencing of the IDH2 R172 
hotspot locus [75, 82], with the caveat that TCCRP with 
some less common IDH2 R172 mutations may be negative 
with one or the other antibody, and tumors lacking IDH2 
mutations will be missed [63]. Accordingly, the diagnosis of 
TCCRP should not be excluded in cases displaying the 
unique histopathologic features of this entity if IDH2 R172 
immunohistochemistry is negative.

 Differential Diagnosis

Other papillary lesions of the breast: Due to its rarity, papil-
lary architecture and unusual immunoprofile, TCCRP may be 
confused with other more common benign or malignant pap-
illary neoplasms of the breast, especially in limited CNB 
material. These lesions include intraductal papilloma with 
usual ductal hyperplasia, solid papillary carcinoma (SPC), 
papillary pattern DCIS, and encapsulated papillary carcinoma 
(EPC) (Table 12.4). The cytologic features, including nuclear 
grooves and pseudoinclusions, and strong CK5/6 expression 
in TCCRP could mimic intraductal papilloma with usual duc-
tal hyperplasia. However, TCCRP lacks myoepithelial cells 
along the fibrovascular papillae or around the papillary nod-
ules and is typically ER negative, whereas papilloma has 
intact myoepithelial cell layers and is ER positive in a hetero-
geneous pattern. Like TCCRP, SPC is composed of circum-
scribed nodules with solid papillary architecture and an 
absence of myoepithelial cells along the fibrovascular cores. 

ji
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Fig. 12.23 (continued)
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Fig. 12.24 Tall cell carcinoma with reversed polarity, detection of 
mutant IDH2 by mutant-specific antibody. TCCRP harbors recurrent 
IDH2 mutations at R172. (a, b) Immunohistochemistry using an anti-
body to IDH2 R172 mutant protein demonstrates diffuse and strong 

staining with cytoplasmic granular pattern in the tumor cells, helpful in 
confirming the diagnosis of TCCRP (Courtesy of Dr. Fresia Pareja, 
Department of Pathology, Memorial Sloan Kettering Cancer Center 
with permission)

Table 12.4 Immunohistochemical markers helpful in the differential diagnosis of TCCRP and papillary mimics

Tall cell carcinoma with 
reverse polarity

Papilloma with usual 
ductal hyperplasia

Solid papillary 
carcinoma
(in situ and invasive)

Papillary pattern DCIS and 
encapsulated papillary carcinoma

CK5/6 Positive, diffuse Positive, mosaic pattern Negative Negative
ER Negative or focal weak Positive, heterogeneous Positive, diffuse Positive, diffuse
Myoepithelial cell markers 
(p63, SMM, calponin)

Negative along papillae 
and around nodules

Positive along papillae 
and around ducts

Negative along 
papillae;
Positive or negative 
around nodules

Negative along papillae;
Positive around DCIS, negative 
around EPC

IDH2 R172 Positive Negative Negative Negative

The helpful distinguishing morphologic features include tall 
columnar cells with apically located nuclei in TCCRP versus 
polygonal cells with evenly spaced round to oval nuclei, often 
accompanied by areas of spindled or plasmacytoid cytology, 
in SPC. Immunophenotypically, TCCRP is diffusely CK5/6 
positive and ER negative, while SPC has the opposite staining 
pattern. Furthermore, SPC often expresses the neuroendo-
crine markers synaptophysin and chromogranin, which are 
consistently negative in TCCRP. The finding of circumscribed 
papillary ducts lacking myoepithelial cells in TCCRP could 
also raise the consideration of papillary pattern DCIS or 
EPC. Immunohistochemical analysis with CK5/6 and ER is 
again helpful in the distinction, as in the distinction from 
SPC. Furthermore, most TCCRP display strong and diffuse 
immunolabeling with an IDH2 R172-specific antibody, in 
contrast to the other papillary neoplasms in the differential. 
Careful evaluation of cytoarchitectural features supplemented 
by judicious use of immunohistochemical markers can there-
fore help establish the correct diagnosis, even in a CNB speci-
men (Table 12.4).

Metastatic papillary thyroid carcinoma: Because of the 
striking morphologic similarities between PTC and 

TCCRP and because ~5% of metastases to the breast are 
of thyroid origin [84], metastatic thyroid carcinoma is 
often considered in the differential diagnosis for 
TCCRP.  Immunohistochemistry with tissue-specific 
markers is helpful in this context. TCCRP lacks expres-
sion of thyroid- specific markers, including TTF-1, thyro-
globulin, and PAX8 [62, 66, 67, 75, 77], and instead 
shows positive, albeit patchy, staining for breast markers 
GATA3, mammaglobin, and GCDFP-15.

Infiltrating epitheliosis (IE): Another lesion that shares 
morphologic features and immunophenotype with TCCRP is 
infiltrating epitheliosis (IE), an exceedingly rare complex 
sclerosing lesion with overt CK5/6-positive epithelial prolif-
eration [85], weak/patchy to absent ER expression, and 
attenuated to absent myoepithelial cell layers around the pro-
liferating cells, similar to TCCRP.  Moreover, PIK3CA or 
PIK3R1 mutations have been reported in IE, and are also 
seen in TCCRP [86]. It has been suggested that there is a 
continuum between IE and TCCRP and that these papillary 
lesions represent a spectrum, with IE at the sclerosis-rich/
epithelium-poor end and TCCRP at the epithelium-rich/
stroma-poor end of the spectrum [65].
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 Pathogenesis and Risk Factors

TCCRP characteristically harbors recurrent IDH2 hotspot 
mutations (often R172S or R172T), which have been 
reported in >80% of cases [63, 65, 71–73, 75, 78]. IDH2 
mutations appear to be pathognomonic for TCCRP in the 
context of breast neoplasms [63] but have also been identi-
fied in gliomas [87], myeloid leukemias [88], sinonasal 
undifferentiated carcinomas [89], chondrosarcomas [90], 
and cholangiocarcinomas [91]. IDH2 encodes the mitochon-
drial enzyme isocitrate dehydrogenase 2. The precise mecha-
nisms by which IDH2 mutations function in cancer remain 
unknown. However, IDH2 mutations lead to gain-of- function 
enzymatic activity that allows for NADPH-dependent reduc-
tion of α-ketoglutarate (αKG) to 2-hydroxyglutarate, which 
in turn inhibits αKG-dependent dioxygenases, including 
TET2, and alters genome-wide histone and DNA methyla-
tion, cell differentiation and survival, and extracellular 
matrix maturation [65, 75, 92–94]. In TCCRP, IDH2 muta-
tions often co-exist with genetic alterations in phosphati-
dylinositol- 3 kinase (PI-3  K) signaling pathway genes, 
including activating PIK3CA and PIK3R1 mutations [63, 65, 
72, 75, 78]. Whereas PI-3  K pathway gene mutations are 
common in breast cancer, IDH2 hotspot mutations are 
extremely rare or non-existent in other breast tumors, and 
their identification can be used as a confirmatory molecular 
finding for TCCRP [72, 95–97]. Functional studies have 
shown that forced expression of IDH2 R172S and PIK3CA 
H1047R together result in a reverse polarization phenotype 
resembling that of TCCRP [63]. Truncating TET2 mutations 
have been identified in a subset of TCCRP lacking the IDH2 
mutations [63, 65, 72, 75, 78]. Given that mutant IDH2 is 
thought to function through inhibition of TET2, TCCRP may 
be an example of a convergent phenotype stemming from 
IDH2 or TET2 mutations functioning in the same pathway 
[63, 87]. TCCRP has thus joined a growing list of breast 
tumors with unique genotypic-phenotypic correlation 
(Table 12.5) [72].

BRAF mutations and RET/PTC rearrangements, which 
are frequently found in PTC and are thought to be responsi-
ble for the specific nuclear features in PTC, are consistently 
absent in TCCRP [77].

RNA sequencing of 9 TCCRP revealed expression pro-
files of either luminal A or basal intrinsic molecular sub-
types [75].

 Prognosis and Clinical Management

Limited available follow-up data on a small number of cases 
suggests that the majority of TCCRP follow an indolent clin-
ical course with excellent prognosis despite the triple- 
negative or weakly ER-positive biomarker profile [62–71, 
73, 75, 77]. TCCRP presents mostly as localized disease 
with a low incidence of lymph node metastasis at the time of 
diagnosis (reported in only 4 patients, including one intrama-
mmary node) [64, 66, 69, 76]. The single patient with intra-
mammary lymph node metastases was alive and free of local 
or distant recurrence 10 years after diagnosis. Only one case 
with distant metastasis (to bone) has been reported [69]. 
However, it is not clear if this tumor was truly TCCRP, as it 
was ER positive and associated with DCIS with comedone-
crosis, and with lymphovascular invasion.

Due to the rarity of TCCRP, there are no guidelines or 
consensus on the management of patients with these tumors. 
Current treatment generally includes surgical excision with 
lumpectomy or mastectomy [63–65]. Local recurrence has 
been reported, and complete excision with adequate margin 
is considered optimal. The role of radiation or systemic ther-
apy is unclear. IDH2 mutations may serve as a future target 
for therapeutic intervention in metastatic lesions.

 Mucoepidermoid Carcinoma

 Overview and Clinical Presentation

Mucoepidermoid carcinoma (MEC) of the breast is a triple- 
negative salivary gland-like tumor that shares distinctive his-
topathologic features, immunophenotype, and genetic 
alterations with its counterpart arising in other anatomic sites 
[98–100]. Whereas MEC is the most common salivary gland 
malignancy, it is an exceedingly rare diagnosis and less fre-
quent than other salivary gland-like neoplasms in the breast, 
such as AdCC, secretory carcinoma, and adenomyoepitheli-
oma. The estimated incidence has been cited as 0.2–0.3% of 
all breast cancers [101, 102], although it appears to be even 
less common in practice. Since the first description by 
Patchefsky et al. [103] in 1979, less than 50 cases of breast 
MEC have been reported in the English literature, mostly as 
single case reports [100, 102, 104].

Table 12.5 Breast tumors with genotype-phenotype correlation

Tumor Genetic Alterations
Lobular carcinoma in situ and invasive 
lobular carcinoma

CDH1 mutation

Adenoid cystic carcinoma MYB-NFIB fusion
MYBL1-NFIB fusion
MYB amplification

Secretory carcinoma ETV6-NTRK3 fusion
Mucoepidermoid carcinoma CRTC1-MAML2 

fusion
Pleomorphic adenoma PLAG1 arrangement

HMGA2-WIF1 
fusion

Fibroepithelial tumor (fibroadenoma and 
phyllodes tumor)

MED12 exon 2 
mutation

Tall cell carcinoma with reversed polarity IDH2 R172 mutation
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All reported MEC cases are in adult women, ranging in 
age from 27 to 86 years (mean age 56 years) [104]. Patients 
usually present with a palpable lump that is often well- 
circumscribed but occasionally ill-defined on physical exam-
ination and may be tender to palpation [99, 103, 104]. Nipple 
discharge may be present when the tumor arises in the ret-
roareolar region [99]. Some cases have been detected by 
screening mammography [100, 105, 106].

 Gross and Radiologic Features

Most MEC are well circumscribed, gray to white, and firm 
with a solid or solid cystic cut surface. Cysts are often filled 
with mucoid material. Tumor size ranges from 0.5 to 11 cm 
(median 2.5 cm).

Radiographically, some MEC are considered to be benign. 
On mammography, MEC often presents as a round nodule 
and less frequently as an ill-defined mass. Ultrasonography 
demonstrates a hypoechoic or mixed hyperechoic and 
hypoechoic mass with smooth or irregular contours that may 
show posterior shadowing [100, 104, 105, 107, 108]. Some 
cases appear as a complex cystic and solid nodule [104, 109, 
110]. An enhancing mass is observed on MRI [107, 108].

 Microscopic Features

At scanning magnification, most MEC appear as a solid or 
partly cystic nodular lesion with pushing margins (Fig. 12.25). 
Some tumors are surrounded by a fibrous pseudocapsule [99, 
108]. Stellate or irregular margins may be seen, usually in 
high-grade tumors. A dense lymphoplasmacytic infiltrate is 

frequently observed at the tumor periphery, which in the sali-
vary gland has been termed tumor- associated lymphoid pro-
liferation (TALP) (Fig.  12.25). MEC comprises a mixed 
population of mucinous (mucin-secreting) cells, epidermoid/
squamoid cells, and intermediate cells in varying proportions 
and arranged in overall circumscribed macrocystic, microcys-
tic/glandular, and solid patterns (Figs.  12.26, 12.27, and 
12.28). Prominent extracellular basophilic and/or eosino-
philic secretions often fill the cystic and glandular spaces.

Mucinous cells are usually located at the luminal/central 
aspects of the cysts, glands, and nests (Figs.  12.27a and 
12.28c, g). These cells may be tall columnar or goblet shaped 
with obvious cytoplasmic mucin, or more subtle, requiring 
special stains, such as PASD, mucicarmine, or Alcian blue to 
highlight the mucin (Fig. 12.27b). Intermediate cells, which 
are most concentrated at the periphery of cysts and nodules, 
are small with relatively high nuclear-to-cytoplasmic ratio 
and oval hyperchromatic nuclei (Figs. 12.27a and 12.28g). 
Epidermoid cells are polygonal with well-defined cell bor-
ders and abundant eosinophilic cytoplasm (Figs. 12.27a and 
12.28c, g). Focal intercellular bridges may be observed in 
rare cases, but true keratinization, such as squamous pearls 
or individual cell keratinization, should be absent. In addi-
tion to the most common three cell types as described above, 
salivary gland MEC may also have cells with prominent 
cytoplasmic clearing (clear cell changes), oncocytic cells, 
spindle cells, and rarely ciliated cells and cells with seba-
ceous differentiation. Clear cell changes are also observed in 
breast MEC and can be quite prominent in some tumors 
(Fig. 12.27c). An in situ component may be present and dis-
plays similar features, including the three characteristic cell 
types, mucinous/eosinophilic secretions, and periductal lym-
phoplasmacytic infiltrates [99, 108, 111] (Fig. 12.29).

a b

Fig. 12.25 Mucoepidermoid carcinoma, tumor border. (a, b) At scan-
ning magnification, these two examples of MEC appear circumscribed 
with pushing margins. Note the prominent lymphoplasmacytic infiltrate 

at the periphery of the tumor, including lymphoid aggregates with ger-
minal center formation. The tumor can be solid (a), cystic (b), or solid 
and cystic
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Fig. 12.26 Mucoepidermoid carcinoma, architectural pattern. The 
tumor cells in MEC can be arranged in macrocystic structures (a–c), 
solid nests (d, e) or microcystic/fenestrated glandular pattern (e, f), usu-
ally with varying proportion in a given lesion. In the macrocystic pat-
tern, the tumor cells can grow as a mural papillary nodule (a); while the 
majority of the cyst wall can be lined by one to a few layers of neoplas-

tic epithelial cells (b, c). In the solid growth pattern, the nests can be 
large (d, right) or small (d, left, and e). The small solid nests may be 
admixed with microcystic elements (e). Note the presence of prominent 
secretions within the macrocytic spaces and glandular lumens, which 
can be eosinophilic or basophilic. The stroma associated with the tumor 
nests/glands can be hyalinized/fibrotic (e) or desmoplastic (f)
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a b

c d
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Fig. 12.27 Mucoepidermoid carcinoma, cytologic features. (a) MEC 
is composed of a mixed population of intermediate cells (which are 
most concentrated at the periphery of the tumor cysts/glands/nests), 
epidermoid/squamoid cells (which have distinct cell borders and abun-
dant eosinophilic cytoplasm), and mucin-secreting cells (which are 
preferentially localized at the luminal/central aspects of tumor cysts/
glands/nests). (b) A PASD stain highlights the intracytoplasmic mucin 
in the mucin-secreting cells as well as the mucinous secretion within 
the glandular lumens. (c) Clear cell changes may be observed in the 

neoplastic cells and are prominent in this example. (d) The various 
tumor cell types and their spatial arrangement create a distinct appear-
ance to the tumor nests with darker cells at the periphery and paler cells 
toward the center. The intermediate cells (and to various extent, the epi-
dermoid cells) are positive for p63 immunostain (e), which may be mis-
taken as being myoepithelial cells. However, the tumor nests and glands 
are negative for other myoepithelial markers, including SMM (f), cal-
ponin and SMA (not shown)
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Fig. 12.28 Mucoepidermoid carcinoma, features in core needle biopsy 
specimen. The characteristic architectural and cytologic features of 
MEC can be appreciated in this CNB specimen targeted for a breast 
mass (a). (b) Some core fragments contain microcystic glands and small 
solid nests in a fibrotic/hyalinized stroma. (c) High magnification reveals 
a mixed cell population and eosinophilic/basophilic secretions within 
glandular lumens (c). The microcystic glands and solid nests have 
peripheral p63-positive cells (d) and are negative for SMM immunostain 
(e). (f–i) One core fragment appears to sample part of a cyst wall that is 
lined by multiple layers of epithelial cells. Note the prominent lympho-
plasmacytic infiltrate in the cyst wall (f), and the mixed intermediate 
cells (dark cells with high nuclear-to-cytoplasmic ratio at the periphery 
of the cyst), epidermoid cells, and mucin-secreting cells (g). Also noted 

is the basophilic to eosinophilic secretory material within the glandular 
spaces. Similar to the microcystic elements and solid nests, the macro-
cystic structure is positive for p63 immunostain with a predominant 
peripheral staining pattern (h) and negative for SMM (i). (j–l) Another 
core fragment samples a part of a cyst that is lined by only one to two flat 
layers of bland epithelial cells, which could easily be misinterpreted as a 
benign simple cyst. Again, note the presence of a dense lymphoplasma-
cytic infiltrate in the cyst wall. Also note the presence of subtle mucin 
secretion in the thin cyst lining (upper part of the cyst in j), which would 
not be expected in simple cyst. The cyst is lined by p63-positive cells (k), 
but is completely negative for SMM (l), which along with other features 
(dense lymphoplasmacytic infiltrate and mucin secretion) should alert 
the pathologist to question the impression of a benign simple cyst

a b

c d

e f
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Fig. 12.28 (continued)
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Fig. 12.29 Mucoepidermoid carcinoma, in situ component. (a–f) An 
in situ component of MEC may be present in some cases and exhibit 
similar features as those observed in the invasive component, including 
the associated lymphoplasmacytic infiltrate (a) and the mixed popula-
tion of neoplastic cells and luminal secretions (b). The mixed (hence 
appearing to be heterogeneous) epithelial types with squamoid features 
and irregular fenestrations could mimic usual ductal hyperplasia. 

Strong expression for CK5/6 (e) further complicates the issue. However, 
the neoplastic cells in the MEC (both in situ and invasive forms) are 
completely negative to minimally positive for ER (in the range 1–2%) 
(f), which helps to distinguish the lesion from usual ductal hyperplasia. 
The in situ component of MEC is invested by a myoepithelial layer, 
highlighted by p63 (c) and calponin (d) immunostains

12 Less Common Triple-Negative Breast Cancers



496

Accurate grading of breast MEC is important in providing 
prognostic information. In the salivary gland, the most com-
monly used grading systems for MEC are The Brandwein 
and Armed Forces Institute of Pathology (AFIP) methods, 
which are three-tiered and point-based systems incorporat-
ing various adverse histologic features (Table  12.6). For 
breast MEC, the AFIP system and the modified Scarff- 
Bloom- Richardson (SBR) system appear to be largely inter-
changeable and yield similar prognostic data [99]. With the 
AFIP grading scheme, ~55% of breast MEC are low grade, 
<10% are intermediate grade, and ~40% are high grade [100, 
104, 112].

Cystic architecture with abundant mucinous cells pre-
dominates in low-grade MEC, and the tumor cells have bland 

round to oval nuclei and infrequent mitoses (0–3/10 HPF). 
High-grade MEC are usually arranged in solid nests with 
scant mucinous cells, greater nuclear atypia, and increased 
mitotic activity. Infiltration of tumor nests into surrounding 
breast tissue may be present. Necrosis, lymphovascular inva-
sion, and perineural invasion are typically only identified in 
high-grade tumors. Accurate diagnosis of high-grade MEC 
can be challenging based on morphologic grounds alone. 
High-grade MEC of the salivary gland has been well docu-
mented in the literature to include a heterogeneous group of 
different entities upon re-review by expert pathologists. 
FISH is a useful ancillary test to help identify MEC in the 
breast (see section “Pathogenesis” and “Differential 
Diagnosis”).

 Immunohistochemistry

MEC is overall positive for LMWCK (CK7, CAM5.2), 
HMWCK (CK5/6, CK14), and p63 [99, 100] (Figs. 12.27e, 
12.28d, h, k, 12.30, and 12.31b). Expression of these mark-
ers is correlated with cell type, and immunohistochemistry is 
helpful in highlighting the various cell populations and their 
distribution in the tumor nests and cysts. Intermediate cells 
are typically positive for p63 and HMWCK and negative for 
LMWCK; epidermoid cells usually react with both LMWCK 
and HMWCK, with variable staining for p63; and mucinous 
cells preferentially express LMWCK. This differential stain-
ing pattern with LMWCK-positive cells concentrated in the 
central/luminal part of the tumor nests and HMWCK- 
positive cells predominantly located in the outer layers of the 
nests creates a “zoning phenomenon” (Fig.  12.30), that is 
shared by salivary gland and breast MEC and is helpful in 

a b

Fig. 12.30 Mucoepidermoid carcinoma, zoning phenomenon with 
cytokeratin immunostains. (a, b) The various cell types in MEC tend to 
exhibit different expression for cytokeratins, in which LMWCK such as 
CAM5.2 shows preferential staining of the mucin-secreting cells (a) 

whereas HMWCK such as CK14 decorates predominantly the interme-
diate and epidermoid cells (b), creating a distinctive “zoning” phenom-
enon that is helpful for the diagnosis of MEC

Table 12.6 AFIP and Brandwein semiquantitative methods for assess-
ing histological grade in salivary gland MEC

AFIP 
method Brandwein method

Intracystic component 2 (<20%) 2 (<25%)
Border/invasive front NA 2 (small nests and 

islands)
Nuclear anaplasia/
pleomorphism

4 2

Mitosis 3 (≥4/10 
HPF)

3 (≥5/10 HPF)

Perineural invasion 2 3
Necrosis 3 3
Lymphovascular invasion NA 3
Bony invasion NA 3

Total score Total score
Low grade 0–4 0
Intermediate grade 5–6 2–3
High grade 7–14 4+

Adapted from Cipriani et al. [113]
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establishing the diagnosis [99]. Expression of p63 by inter-
mediate cells at the periphery of tumor nests and cysts may 
be misinterpreted as myoepithelial differentiation; however, 
the tumor cells are negative for other myoepithelial cell 
markers, including SMM, calponin, and SMA [99] 
(Figs. 12.27f and 12.28e, i, l). On the other hand, the in situ 
component has a peripheral myoepithelial layer that can be 
highlighted with SMM, calponin, SMA stains, in addition to 
p63 (Fig. 12.29d).

All reported breast MEC have been ER and PR negative 
or rarely weakly positive and are consistently HER2 negative 
(Fig. 12.31c). Therefore, MEC falls into the group of basal- 
like triple-negative breast cancers by immunophenotype.

There is limited information about expression of other 
markers in MEC.  Based on analyses of two breast MEC, 
these tumors were also patchy or diffusely positive for 
MUC4, GATA3, and mammaglobin and negative for 
GCDFP-15 [100] (Fig. 12.31d).

 Differential Diagnosis

The characteristic histological features and immunopheno-
type of MEC are distinctive in the breast. However, patholo-
gists may not necessarily consider this very rare subtype of 
breast cancer, and MEC can be confused with various benign 
and malignant lesions when assessing limited CNB material, 
depending on the architectural pattern and dominant cell 
type sampled.

Simple cysts: CNB which samples only a portion of a 
macrocyst lined by one to a few layers of intermediate cells 
with or without epidermoid cells could easily be misinter-
preted as a simple cyst with or without squamous metaplasia 
(Figs. 12.26b and 12.28j). Features that would be unusual for 
simple cyst include the presence of mucinous cells (which 
can be very subtle), a prominent lymphoplasmacytic infil-
trate in the cyst wall, and lack of myoepithelial cells at the 
cyst periphery by SMM and calponin immunohistochemistry 

a b

c d

Fig. 12.31 Mucoepidermoid carcinoma, additional immunostaining 
profile. (a–d) The neoplastic cells in MEC are positive for CK5/6 (b) 
and negative for ER (c), PR (not shown), and HER2 (now shown), thus 

exhibiting a basal-like and triple-negative immunophenotype. MEC 
typically shows strong expression of mammaglobin (d)
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(Fig.  12.28j–l). In these situations, radiologic-pathologic 
correlation is important to determine the presence of discor-
dant findings and the need for re-biopsy to pursue a conclu-
sive diagnosis.

Usual ductal hyperplasia: The bland cytology, different 
cell types (heterogeneous cell population), and often irregu-
lar microcystic spaces of MEC, especially in the DCIS com-
ponent, may mimic usual ductal hyperplasia (Fig. 12.29a, b). 
Clues to the correct diagnosis include recognizing tumor 
cells with epidermoid, mucinous, and intermediate features, 
the presence of mucin, and the associated periductal lympho-
plasmacytic infiltrate. CK5/6 and ER immunohistochemistry 
is helpful in making the distinction, with positive CK5/6 (in 
zonal pattern) and negative ER expression in MEC, and posi-
tive CK5/6 (in mosaic pattern) and heterogeneous ER expres-
sion in usual ductal hyperplasia (Fig. 12.29).

Ductal carcinoma in situ: Epidermoid cells with well- 
defined cell borders and microcystic architecture in MEC can 
also raise consideration of cribriform pattern DCIS of no spe-
cial type. Helpful features for the correct diagnosis are the 
heterogeneous cell population, as well as the CK5/6- positive, 

ER-negative, and p63-positive phenotype in MEC, compared 
to the uniform cell population with negative CK5/6 and p63 
and strongly ER-positive expression pattern in DCIS.

Papillary lesions: MEC with macrocystic structures con-
taining mural cellular nodules can resemble either intra-
ductal papilloma with usual ductal hyperplasia and squamous 
metaplasia or papillary carcinoma, including EPC 
(Fig. 12.26a). As in the discussion for usual ductal hyperpla-
sia and DCIS above, appreciation of the various cell types 
and characteristic immunophenotype can help to arrive at the 
correct diagnosis.

Secretory carcinoma: Low-grade MEC can be mistaken 
for secretory carcinoma, another rare salivary gland-type 
carcinoma. Both tumors can have a prominent cystic compo-
nent, abundant PASD-positive secretory material, and cyto-
logically bland cells that may have eosinophilic, clear, or 
vacuolated cytoplasm (Fig. 12.32). In addition, both tumors 
express MUC4, GATA3, and mammaglobin [100, 114]. 
However, in contrast to the strong S100 protein-positive and 
p63-negative profile of secretory carcinoma, MEC is consis-
tently positive for p63 and is negative or only focally positive 

a b c

d e f

Fig. 12.32 Mucoepidermoid carcinoma versus secretory carcinoma. 
Secretory carcinoma (a–c) and MEC (d–f) are both salivary gland-like 
carcinomas with a triple-negative biomarker profile, share similar mor-
phologic features with a microcystic pattern, bland cytology and promi-
nent secretions (a, d) and strong mammaglobin expression (b, e), and 
may be confused with each other. However, each tumor type is charac-

terized by a distinct chromosomal translocation, with ETV6-NTRK3 
fusion gene in secretory carcinoma and CRTC1-MAML2 fusion gene in 
MEC. The diagnosis can therefore be supported by immunohistochem-
istry with a pan-TRK antibody, which shows nuclear staining in secre-
tory carcinoma (c) and is negative in MEC (f)
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for S100 protein. Furthermore, the tumors each harbor 
pathognomonic chromosomal translocations and resultant 
fusion genes (CRTC1-MAML2 in MEC and ETV6-NTRK3 in 
secretory carcinoma), allowing for distinction by FISH using 
MAML2 and ETV6 break-apart probes or sequencing tech-
nologies (Fig. 12.33). Immunostaining with a pan-TRK anti-
body can also be useful, with the majority of secretory 
carcinomas showing positive nuclear expression, while MEC 
are negative [115, 116] (Fig. 12.33c, f).

Metaplastic carcinoma: The epidermoid cells and immu-
nophenotype (positive CK5/6 and p63, triple negative) of 
MEC may raise consideration of metaplastic squamous cell 
carcinoma. This distinction has significant management 
implications as diagnosis of metaplastic carcinoma in a CNB 
may lead to treatment with neoadjuvant chemotherapy. MEC 
is composed of circumscribed nodules and cysts with mixed 
cell types including mucinous cells, whereas metaplastic 
squamous cell carcinoma infiltrates as irregular nests lacking 
mucinous cells. The presence of true keratinization is not 
observed in MEC and favors metaplastic squamous cell car-
cinoma. Low-grade adenosquamous carcinoma may also 
enter into the differential diagnosis, but this tumor has a dif-
ferent growth pattern consisting of small glands with varying 

degree of squamous differentiation and lacks mucinous cells 
(see section “Metaplastic Carcinoma”).

Breast tumors with clear cell cytology: MEC with promi-
nent clear cell features and positive p63 expression may be 
confused with adenomyoepithelioma exhibiting clear cell 
change of the neoplastic myoepithelial cells. MEC lacks 
myoepithelial differentiation and is negative for myoepithe-
lial markers SMM, calponin, and SMA. MEC with clear cell 
features must also be differentiated from invasive breast car-
cinomas with glycogen-rich clear cell carcinoma pattern 
and lipid-rich carcinoma pattern. Both of these latter tumors 
lack mucinous cells and are usually negative for CK5/6 and 
p63.

Metastatic renal cell carcinoma: Metastatic renal cell car-
cinoma is also a potential consideration in the differential 
diagnosis of MEC with prominent clear cell changes. 
Correlation with history and radiologic findings together 
with immunohistochemistry is helpful in establishing the 
diagnosis. Tissue-specific markers (mammaglobin, GATA3, 
and PAX8) and cytokeratins (CK7 and CK5/6) are differen-
tially expressed in these tumors, with MEC being positive 
for mammaglobin, GATA3, CK7, and CK5/6, whereas clear 
cell renal cell carcinoma expresses PAX8 and is negative for 
CK7 and CK5/6.

Hidradenoma arising in the breast: Hidradenoma (HA) is 
a skin adnexal tumor that shares overlapping morphological 
features and immunophenotype with MEC (see Chap. 25). In 
addition, the signature MAML2 rearrangement of MEC has 
also been identified in HA, predominantly as a CRTC1- 
MAML2 translocation and rarely as a CRTC3-MAML2 trans-
location [117, 118]. These findings raise the question as to 
whether HA is a distinct cutaneous adnexal neoplasm that 
shares histopathologic and genetic characteristics with MEC, 
or whether it represents a cutaneous counterpart of MEC. HA 
in the breast usually arises in the nipple and subareolar 
region, although it may also be located in the deeper paren-
chyma. Differentiating HA of the breast skin from low-grade 
MEC is diagnostically challenging, if not impossible, in a 
CNB [119–121]. An infiltrative growth pattern or irregular 
borders favor MEC, while the presence of ductal or tubular 
structures lined by SOX10-positive basophilic cuboidal cells 
is suggestive of HA [122]. Complete excision to evaluate the 
entire lesion is required for a definitive diagnosis.

Finally, although metastatic MEC from the salivary gland 
or other anatomic locations could be considered in the dif-
ferential diagnosis, this is very unlikely. Salivary gland 
tumors rarely metastasize to the breast, and low-grade MEC 
does not carry a risk for distant metastasis. Nevertheless, 
clinical history is helpful in excluding metastasis. A DCIS 
component, if present, supports MEC of the breast.

Fig. 12.33 CRTC1-MAML2 translocation in mucoepidermoid carci-
noma. The hallmark chromosomal translocation in MEC, CRTC1- 
MAML2, can be detected using a break-apart fluorescence in situ 
hybridization (FISH) probe to MAML2 gene. Note the split-apart green 
and orange signals of the altered MAML2 allele and the fused yellow 
signal from the normal MAML2 allele. This FISH result is from the case 
shown in Fig. 12.28. (Courtesy of Dr. Joaquin Garcia, Department of 
Laboratory Medicine and Pathology, Mayo Clinic with permission)
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 Pathogenesis

MEC arising in salivary gland and other sites are character-
ized by recurrent chromosomal translocations involving the 
MAML2 gene, most commonly t(11;19), which results in 
CRTC1-MAML2 fusion, and less frequently t(11;15), which 
results in CRTC3-MAML2 fusion [123–125]. MAML2 gene 
rearrangements and CRTC1-MAML2 fusions have also been 
identified in breast MEC by FISH, reverse transcription 
polymerase chain reaction (RT-PCR), and RNA sequencing 
[100, 105, 111, 112]. MAML2 rearrangements are thus con-
sidered the hallmark genetic alteration of MEC regardless of 
anatomic location. Detection of MAML2 rearrangement 
using a commercially available MAML2 break-apart FISH 
probe (Fig. 12.33) or detection of CRTC1-MAML2 fusion by 
RT-PCR or sequencing technologies can be performed on 
formalin-fixed paraffin-embedded tissue to confirm the diag-
nosis of this rare breast cancer subtype, especially in chal-
lenging CNB specimens.

CRTC1 (CREB Regulated Transcriptional Coactivator) 
controls the expression of specific CREB-activated genes, 
and MAML2 gene is a member of the mastermind-like family 
that augments Notch signaling. The CRTC1-MAML2 fusion 
gene has been shown to activate Notch signaling and has 
transforming activity in cell lines, with silencing of the 
fusion inhibiting tumor growth [126]. Expression of CRTC1- 
MAML2 in a transgenic mouse model causes formation of 
salivary gland tumors that resemble histological and molecu-
lar characteristics of human MEC [127]. Together, in vitro 
and in  vivo studies support CRCT1-MAML2 fusion as the 
major oncogenic driver in MEC.

In addition to CRTC1-MAML2 fusions, breast MEC have 
been found to have simple genomes with no copy number 
alterations and a very low exonic mutational burden, similar 
to other fusion gene-driven special breast cancer subtypes 
(e.g., AdCC and secretory carcinoma) and distinct from 
high-grade TNBC of no special type [100].

 Prognosis and Clinical Management

The prognosis of breast MEC is correlated with histologic 
grade and clinical stage. High-grade tumors portend aggres-
sive behavior with frequent metastasis to axillary lymph 
nodes and distant organs. Approximately 30% of high-grade 
MEC in the literature developed distant metastasis and even-
tually led to death. In contrast, only rare axillary metastasis 
and no distant spread have been documented for low- and 
intermediate-grade MEC, and none of the patients died of 
disease [104, 105, 122]. Low-grade MEC of the breast can 

be considered to have indolent biological behavior and favor-
able clinical outcome, similar to other salivary gland-like 
carcinomas in the breast, such as AdCC and secretory 
carcinoma.

Given the rarity of MEC in the breast, there is limited data 
to guide treatment. Complete excision with clear margins has 
been proposed as the standard surgical approach. Most 
patients are not eligible for hormonal therapy due to the 
triple- negative status of these tumors. Radiation has been 
offered to some patients in case reports. Chemotherapy is not 
likely to be recommended for node-negative low-grade 
tumors [104, 105].

 Secretory Carcinoma

 Overview

Secretory carcinoma is a rare salivary gland-type breast car-
cinoma characterized by distinct morphologic and immuno-
phenotypic features and underpinned by a hallmark t(12;15)
(p13;q25) chromosomal translocation and resultant ETV6- 
NTRK3 gene fusion. These tumors account for <0.05% of 
invasive breast carcinomas [128, 129]. Secretory carcinoma 
was initially described in children by McDivitt and Stewart 
and was called “juvenile breast carcinoma” [130] and 
remains the most common breast cancer of childhood. 
However, these tumors have subsequently been found to 
occur predominantly in adults [130–139], and the term juve-
nile breast carcinoma is not recommended. Unlike other sali-
vary gland-type carcinomas of the breast, secretory 
carcinoma was first recognized in the breast, with analog 
tumors that harbor the same ETV6-NTRK3 fusion (previ-
ously termed mammary analog secretory carcinomas 
[MASC]) subsequently described at other anatomic sites 
including salivary gland [140–143], sinonasal mucosa [144], 
skin [145–147], lung [148], vulva [149], and thyroid gland 
[150–152]. The number of salivary gland secretory carcino-
mas reported in the literature has now surpassed that of its 
breast counterpart.

Secretory carcinomas of the breast occur predominantly 
in women but may also be seen in men [128, 132, 133, 153, 
154]. Most of these tumors present in the fourth to seventh 
decade (range 3–87 years), with a mean patient age of 53 
[130–139, 154, 155]. The most common presentation is of a 
slow-growing, firm, painless, well-circumscribed, mobile 
breast mass, occasionally with nipple discharge. In women, 
secretory carcinomas most frequently arise in the upper outer 
quadrant or near the nipple, but any region of the breast can 
be involved, including ectopic breast tissue [130–133, 155, 
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156]. In children or men, the tumors commonly arise in the 
subareolar region [130, 132, 133].

 Gross and Radiologic Features

Gross examination generally reveals a well-circumscribed 
mass with grayish-white or yellowish-tan, firm cut surfaces. 
Mean tumor size is approximately 1–2 cm, but a wide range 
in sizes has been reported (up to 16 cm) [128, 130–135, 137, 
138, 157].

On ultrasound, secretory carcinoma presents as a well- 
circumscribed, round to oval, macrolobulated, isoechoic to 
hypoechoic, mass mimicking fibroadenoma [158–160] or 
sometimes as a hypoechoic, irregularly shaped, spiculated 
mass with heterogeneous internal echoes [161, 162]. 
Mammographic findings are variable and nonspecific, 
including a discrete nodular density with irregular margins 
[158, 159, 162, 163], heterogeneously dense pattern with no 
evidence of a mass [160], or as an isodensity mass with an 
obscured margin [161].

 Microscopic Features

Secretory carcinomas are composed of polygonal tumor 
cells with moderate amounts of eosinophilic vacuolated or 
granular cytoplasm and rounded to oval nuclei, which infil-
trate in various growth patterns, including microcystic/hon-
eycomb, papillary, tubular, and solid (Fig.  12.34). Most 
tumors have mixed growth patterns. The microcystic spaces 
and tubular lumens are filled with prominent eosinophilic or 
amphophilic bubbly secretions. Intracellular secretory vacu-
oles and extracellular secretions stain positively for PASD, 
mucicarmine, and Alcian blue. The tumor nuclei are usually 
small to medium in size and rounded to oval with open, 
vesicular chromatin and small nucleoli (mild to moderate 
nuclear pleomorphism). Mitotic activity is generally low. 
Accordingly, the vast majority of secretory carcinomas are 
histological grade 1 or 2 by modified Scarff-Bloom- 
Richardson grading. High-grade tumors have been reported 
but are exceptionally rare [134]. The tumor stroma is often 
sclerotic. An in situ component may be present, usually with 
similar secretory features, low- or intermediate-grade nuclei, 
and cribriform and solid patterns [133, 135, 137, 154]. 
Distinction of in situ carcinoma from invasive carcinoma 
with microcystic architecture and rounded contours may be 
challenging by H&E alone and can be assisted with immuno-
histochemical stains for myoepithelial markers (Fig. 12.35). 
Pure secretory carcinoma in situ is exceedingly rare [164].

 Immunohistochemistry

The tumor cells typically express S100 protein, CEA (poly-
clonal), mammaglobin, SOX10, and MUC4, usually in a 
strong and diffuse staining pattern (Fig. 12.36a–e). GATA3, 
CK8/18, CD117, and vimentin may also be positive. 
GCDFP- 15 is usually negative or only focally positive 
(Fig.  12.36f). Most secretory carcinomas show a basal 
immunophenotype with expression of cytokeratins 5/6, 14, 
and 17 and EGFR, although positivity may be focal 
(Fig. 12.37) [132–134, 137, 139]. Secretory carcinomas are 
often triple negative for ER, PR, and HER2, although weak 
ER/PR expression is not uncommon [133, 134, 137]. The 
Ki-67 proliferation index is often <20% but variable across 
tumors [132, 134, 135].

Most secretory carcinomas show nuclear staining using a 
pan-TRK antibody [116, 165, 166] (Fig. 12.38). In one study, 
diffuse (>50% of cells) and/or at least focally strong nuclear 
staining was found to be sensitive (~83%) and specific 
(100%) for the diagnosis of breast secretory carcinoma 
[116]. Cytoplasmic staining is not specific in this context.

 Differential Diagnosis

The architectural pattern (microcystic/fenestrated, papil-
lary, tubular, or solid), cytologic features (ample eosino-
philic, clear, or vacuolated cytoplasm), and prominent 
secretory material in secretory carcinoma can mimic sev-
eral benign and malignant lesions of the breast, especially 
in a limited CNB sample.

Lactational or lactational-like change: Secretory carci-
noma bears superficial resemblance to lactational (or 
lactational- like) change, as both lesions feature prominent 
eosinophilic secretions and epithelial cells with vacuolated 
cytoplasm (Fig. 12.39a, b). However, lactational change is a 
lobulocentric process and lacks microcystic, papillary, or 
solid architecture, whereas secretory carcinoma has infiltra-
tive growth with various architectural patterns. In challeng-
ing cases with limited material, immunohistochemical stains 
with myoepithelial markers and pan-TRK antibody can help 
with the differential diagnosis [116]. The glands of lacta-
tional change have intact myoepithelial layers and lack 
nuclear pan-TRK expression.

Cystic hypersecretory lesions: Secretory carcinoma may 
also be confused with cystic hypersecretory lesions (includ-
ing cystic hypersecretory hyperplasia and cystic hypersecre-
tory carcinoma), as these lesions all have densely eosinophilic 
(thyroid colloid-like) secretions that may retract from the 
luminal epithelium (Fig. 12.39c, d). However, the tinctorial 

12 Less Common Triple-Negative Breast Cancers



502

Fig. 12.34 Secretory carcinoma, histologic features. (a) Low magnifica-
tion demonstrates tumor cells arranged in glandular structures and nests of 
variable size and shape within a fibrotic/sclerotic stroma. The tumor cells 
are organized in various architectural patterns, including microcystic/
fenestrated/honeycomb pattern (b, c), solid nests (d), papillary structures 
(e), and tubular/follicular pattern (f). The microcystic pattern is usually the 
predominant architectural component. However, these patterns are often 
admixed in various proportions in an individual tumor. Note that the glan-
dular spaces contain prominent secretions, which may be densely eosino-
philic (thyroid colloid-like), amphophilic, or basophilic (mucin-like) and 
often have a bubbling appearance. (g, h) Cytologically, the tumor cells 
have moderate to abundant eosinophilic to vacuolated cytoplasm and low- 

to intermediate-grade nuclei that are usually oval in shape with small 
nucleoli. Note the vacuolated/bubbly cytoplasm in (h). (i) In rare exam-
ples, scattered tumor cells may have apocrine features, with coarse eosino-
philic granules that can be highlighted by GCDFP-15 immunohistochemical 
stain (not shown). (j) This tumor shows higher grade nuclear features than 
is typical, with enlarged nuclei, vesicular chromatin, and prominent nucle-
oli. Rare tumors with high-grade nuclei, increased mitotic activity and 
necrosis have been reported and are associated with more aggressive 
behavior. (k, l) In this core needle biopsy, the characteristic microcystic 
glandular pattern with prominent secretions and cytologically bland tumor 
cells can be appreciated to suggest the diagnosis, which can be confirmed 
with appropriate immunohistochemical stains and ETV6 FISH
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Fig. 12.35 Secretory carcinoma, in situ component. (a–c) An in situ 
component may be present in some cases and typically demonstrates a 
cribriform/fenestrated pattern, prominent eosinophilic secretions in the 
glandular spaces, and low- to intermediate-grade nuclei, as appreciated 
on the H&E stain (a) in this example. Immunohistochemical stains for 

myoepithelial markers p63 (b) and SMM (c) highlight the peripheral 
myoepithelial layer and support an in situ lesion. (d) Another example 
of secretory carcinoma in situ. Note the layer of myoepithelial cells 
with clear cytoplasm at the periphery of the duct (arrows) and residual 
normal luminal epithelium (arrowheads)

quality of the secretions is different: the secretions in cystic 
hypersecretory lesions often show parallel linear cracks (but 
not always), while secretions in secretory carcinoma have an 
overall bubbling appearance without parallel linear cracks. 
Cystic hypersecretory lesions are not infiltrative and lack 
expression of nuclear pan-TRK and basal markers (CK5/6 
and EGFR). Most cystic hypersecretory lesions are ER posi-
tive (see also Chap. 13).

Usual ductal hyperplasia: In a limited CNB sample, the 
microcystic/fenestrated pattern, bland cytologic features, 
and patchy CK5/6 expression of secretory carcinoma may 
mimic usual ductal hyperplasia (Fig. 12.39e). The prominent 
luminal secretions and negative (or minimal) ER expression 
are clues to reconsider the diagnosis.

Low-grade mucoepidermoid carcinoma: A major dif-
ferential diagnostic consideration for secretory carcinoma 
is low-grade MEC. These two salivary gland-type carcino-

mas share overlapping architectural patterns, PASD-
positive secretions, bland cytologic features, and a similar 
immunophenotype, which includes positive mammaglo-
bin, MUC4, and CK5/6 and triple-negative biomarker sta-
tus (see also section “Mucoepidermoid Carcinoma” in this 
chapter and Fig.  12.32). Distinction of the two can be 
facilitated by FISH using MAML2 and ETV6 break-apart 
probes to identify the hallmark rearrangements of each 
(Figs. 12.33 and 12.38a), and/or pan-TRK immunohisto-
chemistry (Fig. 12.32).

Acinic cell carcinoma: Secretory carcinoma may be con-
fused with acinic cell carcinoma when the latter has follicu-
lar and/or solid architecture, luminal secretions, and clear 
cytoplasm with less conspicuous cytoplasmic granules. 
Furthermore, both tumor types are strongly S100 positive. 
However, the large PASD-positive cytoplasmic zymogen- 
like granules typical of acinic cell carcinoma are absent in 

P. Vohra et al.

https://doi.org/10.1007/978-3-031-05532-4_13


505

a b

c d

e f

Fig. 12.36 Secretory carcinoma, immunohistochemical profile. 
Although not specific, secretory carcinoma (a) shows a characteristic 
immunostaining pattern that is helpful in establishing the diagnosis. 
This includes typically diffuse and strong immunoreactivity to MUC4 

(b), SOX10 (c), S100 protein (d), and mammaglobin (e). Most tumors 
are either negative or only focally positive for GCDFP-15 (f). However, 
rare examples with strong GCDFP-15 expression have been noted
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Fig. 12.37 Secretory carcinoma, basal-like immunophenotype. (a, b) Most secretory carcinomas are negative for ER (b), PR (not shown) and 
HER2 (not shown). These tumors usually express basal markers, such as CK5/6 (c) and EGFR (d), although expression may be focal

a b

Fig. 12.38 ETV6-NTRK3 and pan-TRK immunohistochemistry in 
secretory carcinoma. (a) ETV6 rearrangement can be demonstrated by 
fluorescence in situ hybridization using an ETV6 break-apart probe. 
Note the separate green and orange signals from the rearranged ETV6 
allele and the single fused yellow signal from the other intact ETV6 

allele. The ETV6-NTRK3 fusion can be directly detected using ETV6 
and NTRK3 convergence probes (not shown) or next-generation 
sequencing methods. (b) Overexpression of the chimeric ETV6- 
NTRK3 protein can be detected using a pan-TRK antibody, which 
shows diffuse and/or at least focally strong nuclear staining
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Fig. 12.39 Secretory carcinoma, morphologic mimics. Secretory car-
cinoma can mimic a number of benign and malignant breast lesions. At 
low power, the prominent secretions and vacuolated cytoplasm in secre-
tory carcinoma (a) can resemble lactational change (b). Secretory car-
cinoma (c), especially the follicular pattern, can mimic atypical cystic 
hypersecretory hyperplasia (d). Sometimes, secretory carcinoma with 
fenestrated pattern and bland cytology (e) can be misconstrued as usual 
ductal hyperplasia. Secretory carcinoma with solid nested growth pat-

tern and eosinophilic cytoplasm (f) may be confused with apocrine car-
cinoma (g). (h) The dense eosinophilic secretions in this secretory 
carcinoma impart a thyroid colloid-like appearance, which could sug-
gest metastatic follicular thyroid carcinoma. The triple-negative bio-
marker profile may further complicate the issue. Strong mammaglobin 
expression that is typical of secretory carcinoma would help exclude a 
metastatic carcinoma
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secretory carcinoma. Acinic cell carcinoma lacks ETV6- 
NTRK3 and is negative for nuclear pan-TRK expression (see 
also sections “Carcinoma with Apocrine Differentiation” 
and “Differential Diagnosis” in this chapter).

Carcinoma with apocrine differentiation: Secretory carci-
noma can mimic carcinoma with apocrine differentiation, 
especially when growing in tubular and solid patterns 
(Figs. 12.34i and 12.39f, g). Carcinoma with apocrine dif-
ferentiation lacks the typical luminal secretions of secretory 
carcinoma and the apocrine cells have round nuclei with 
prominent nucleoli. Immunohistochemically, carcinoma 
with apocrine differentiation typically shows diffuse and 
strong expression of GCDFP-15 and AR, and is negative for 
mammaglobin, S100 protein, and pan-TRK antibody.

Tall cell carcinoma with reversed polarity: TCCRP is 
another potential consideration in the differential diagnosis 
of secretory carcinoma, as both tumor types can have papil-
lary and follicular components, eosinophilic colloid-like 
secretions, and epithelial cells with abundant eosinophilic 
cytoplasm and low- to intermediate-grade nuclei. Both 
tumors also share a triple-negative and CK5/6-positive, 
basal-like immunoprofile. However, TCCRP exhibits distin-
guishing cytological features, including reverse polarization, 
nuclear grooves, and cytoplasmic pseudoinclusions. In con-
trast to secretory carcinoma, TCCRP shows variable and less 
mammaglobin expression and is negative or only focally 
positive for S100 protein. Recurrent IDH2 hotspot mutations 
of TCCRP can be detected by IDH2 R172 mutant-specific 
immunohistochemical stain (see also section “Tall Cell 
Carcinoma with Reversed Polarity” in this chapter).

 Pathogenesis

Secretory carcinoma canonically harbors a t(12;15)(p13;q25) 
chromosomal translocation that results in an ETV6-NTRK3 
fusion gene, which has been identified in both in situ and 
invasive carcinoma components, consistent with an early 
oncogenic event [133, 137, 154, 167]. The rearrangement 
joins the N-terminal dimerization domain of ETV6 with the 
C-terminal tyrosine kinase domain of NTRK3 to produce a 
ligand-independent, constitutively activated chimeric tyro-
sine kinase that signals through RAS-mitogen activated pro-
tein kinase (MAPK) and PI-3 K pathways and can transform 
cells of multiple lineages [133, 167–173]. ETV6-NTRK3 has 
also been described in secretory carcinomas arising in other 
anatomic sites [133, 141, 146, 151]. Together, the shared 
morphologic, immunophenotypic, and genetic features of 
secretory carcinomas are consistent with a common patho-
genesis for these tumors, regardless of anatomic site. 
Secretory carcinomas with ETV6 rearrangements lacking 
ETV6-NTRK3 fusions have been described in the salivary 
gland, with identified fusions in these tumors including 
ETV6-RET, ETV6-MAML3, and ETV6-MET [174–181]. 
However, such alternate fusions have not been identified in 
secretory carcinomas of the breast.

Consistent with ETV6-NTRK3 as the main oncogenic 
driver of secretory carcinomas, targeted DNA sequencing of 
primary breast and salivary gland secretory carcinomas did 
not identify additional driver mutations in these tumors, 
which were additionally found to have a low exonic muta-
tional burden and quiet genomes with no to few chromo-
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somal copy number changes and no focal amplifications or 
deletions [133]. Accordingly, secretory carcinomas of the 
breast are genetically distinct from invasive breast carcino-
mas of no special type (IBC-NST), including common basal- 
like carcinomas. Instead, akin to other fusion gene-driven 
salivary gland-like breast carcinomas (AdCC, MEC), secre-
tory carcinomas appear to be genetically more similar to 
their counterparts at other anatomic sites [45, 100, 133]. A 
recent study found additional aberrations in distant metasta-
ses of two aggressive secretory carcinomas, including ampli-
fication of the 16p13.3 locus (containing PDPK1), a hotspot 
TERT promotor mutation, and loss of 9p21.3 locus 
(CDKN2A, CDKN2B) [154].

In addition to secretory carcinomas, ETV6-NTRK3 
fusions have been described in a variety of other tumor types, 
including infantile fibrosarcoma [182], cellular mesoblastic 
nephroma [183], glioma [165], acute myeloid leukemia 
[184], ALK-negative inflammatory myofibroblastic tumor 
[185], Spitz-tumor [186], and radiation-induced thyroid car-
cinoma [152]. However, ETV6-NTRK3 appears to be specific 
for secretory carcinoma in the context of breast cancer and 
has not been identified in other breast carcinomas [187]. 
Detection of the hallmark translocation or gene fusion by 
FISH or next-generation sequencing analysis, respectively, 
can be used to confirm the diagnosis. ETV6 break-apart 
(likely most often used) (Fig. 12.38a), NTRK3 break-apart, 
and ETV6-NTRK3 convergence probes (most specific) are 
commercially available. In addition, immunohistochemistry 
using a pan-TRK antibody has been shown to be a highly 
specific (100%) and slightly less sensitive (~83%) marker for 
secretory carcinoma in the breast (Fig. 12.38b). In addition 
to its diagnostic utility, demonstration of the ETV6-NTRK3 
fusion has additional clinical value, as ETV6-NTRK3 fusions 
may be targeted for treatment (see sections “Prognosis and 
Clinical Management”).

 Prognosis and Clinical Management

Secretory carcinomas generally have an indolent clinical 
course with favorable outcome, especially in children and 
young adults and even in the context of axillary nodal 
metastasis [128, 130, 131, 137]. Five- and ten-year sur-
vival rates are 87% and 77%, respectively, and 5- and 
10-year cause- specific survival rates are 94% and 91%, 
respectively [128]. Axillary metastases have been reported 
in ~20–35% of patients overall [128, 131–134, 154]. 
Recurrences and distant metastases are uncommon, and 

deaths are rare [131, 134, 153, 154, 157]. However, some 
tumors, often in older adult patients, may be more aggres-
sive [154, 157].

The primary treatment is surgical excision to negative 
margins with sentinel lymph node sampling [128, 162, 188]. 
In children, preservation of breast tissue is attempted if pos-
sible to ensure normal breast development [188]. The efficacy 
of adjuvant radiation is uncertain, but radiotherapy has been 
reported to be increasingly used in adults [128]. Similarly, the 
role of chemotherapy is unknown, although reports suggest 
poor responses in patients with metastatic tumors [189]. 
Small molecule inhibitors (larotrectinib, entrectinib) target-
ing NTRK3 and other NTRK family members show promis-
ing efficacy in patients with TRK fusion cancers [190–192], 
including breast secretory carcinoma [193].

 Carcinoma with Apocrine Differentiation

 Overview and Clinical Presentation

Carcinoma with apocrine differentiation is defined as invasive 
carcinoma with cytologic features of apocrine cells in more 
than 90% of the tumor cell population [194]. However, recog-
nition of what constitutes apocrine cytology can be subjec-
tive, especially at the lower end of the morphologic spectrum, 
and variable apocrine cytologic features can also be seen in 
other subtypes of breast carcinomas, including IDC (of no 
special type), lobular, micropapillary, mucinous, and papil-
lary carcinomas. Furthermore, carcinomas with apocrine 
morphology can vary in terms of ER and HER2 status and 
exhibit heterogeneous intrinsic gene expression patterns [37, 
195]. Gene expression signatures associated with these 
tumors (molecular apocrine, luminal androgen receptor 
[LAR]) lack ER and are enriched for AR expression and hor-
monally regulated pathways, but do not exclusively correlate 
with apocrine histology [196, 197]. It is therefore not surpris-
ing that different series in the literature have reported variable 
clinical outcomes for invasive carcinomas with apocrine fea-
tures. A combination of apocrine cytomorphology and immu-
nophenotype (ER and PR negative, AR positive) has been 
used to refine the classification. As such, these tumors, which 
may be triple negative or HER2 positive, have also been 
referred to as pure apocrine carcinomas, and comprise a sub-
set of the carcinomas identified as LAR or molecular apo-
crine by gene expression [196–198]. Invasive carcinomas 
with apocrine morphologic features but lacking the above 
immunophenotype have been referred to as apocrine-like car-
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cinomas [194, 199, 200]. For the purpose of discussion in this 
chapter, apocrine carcinoma is used synonymously with car-
cinoma with apocrine differentiation and defined by cytologic 
features. The term pure apocrine carcinoma is adopted when 
the tumor is known to also demonstrate an ER- and 
PR-negative and AR-positive immunophenotype.

Using strict diagnostic criteria, apocrine carcinoma is rare 
and comprises <1% of all breast cancers [201–203]. The 
clinical presentation is similar to IBC-NST. Patients may be 
asymptomatic or present with a hard, palpable, irregular 
breast lump with or without skin or nipple retraction. 
Presentation with bloody nipple discharge is uncommon 
[194]. Apocrine carcinoma is usually unilateral but can be 
multifocal/multicentric, and rare cases of bilateral tumors 
considered to be independent primaries have been reported 
[204]. Overall, patients tend to be postmenopausal and older 
than patients presenting with IBC-NST [205–214].

 Gross and Radiologic Features

Imaging and gross pathologic findings are not distinctive 
from IBC-NST.  Triple-negative apocrine carcinomas 
(TNAC) have been reported to be smaller than IBC-NST 
[208, 210, 212, 213, 215].

 Microscopic Features

Microscopically, apocrine carcinomas demonstrate architec-
tural growth patterns similar to those of IBC-NST but differ 
in their cytologic appearance [216] (Fig.  12.40). These 
tumors are characteristically composed of large cells with 
abundant cytoplasm, round and/or pleomorphic vesicular 
nuclei and prominent nucleoli, occasionally associated with 
apical cytoplasmic “snouts” projecting into the glandular 

Fig. 12.40 Core needle biopsy showing growth patterns of invasive 
apocrine carcinoma. (a–d) Most apocrine carcinomas invade as irregu-
lar nests and small tumor clusters. (e–g) In some cases, glandular dif-

ferentiation is present, which rarely exceeds 75%. (h) Note the apical 
cytoplasmic snouts projecting into the glandular lumens of this case
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lumen (Figs.  12.40h and 12.41). The nuclear chromatin is 
irregular and often condensed along the periphery of the 
nuclear membrane. The cell borders are typically sharply 
defined (Fig.  12.41b) but may be indistinct in some cases 
(Fig.  12.42h, i). The abundant cytoplasm is eosinophilic, 
granular, and diastase-resistant periodic-acid-Schiff (PAS) 
positive (type A cells), vacuolated clear or foamy (type B 
cells), or a combination of both (Figs.  12.41 and 12.43). 
Intracytoplasmic lipid, as well as intracytoplasmic and intra-
luminal mucin, has also been observed (Fig.  12.41b). The 
majority of these tumors exhibit moderate nuclear pleomor-
phism, and tubule formation is rarely greater than 75% 
(Fig. 12.40e–g). Mitotic activity is often moderate or high. 
Most apocrine carcinomas are graded as modified SBR grade 
2 or 3 [217]. TNAC tends to be of lower histological grade 
(predominantly grade 2) than other TNBC [203, 208, 212, 

215]. The in situ component, when present, usually also 
demonstrates apocrine features, often with intermediate to 
high nuclear grade with or without comedo necrosis [202] 
(Fig. 12.44).

Pleomorphic invasive lobular carcinoma may also show 
apocrine differentiation (Fig. 12.45), and an apocrine variant 
of pleomorphic lobular carcinoma in situ has been character-
ized [218–221]. Histiocytoid carcinomas are rare, mostly 
lobular, invasive carcinomas that may show apocrine fea-
tures. The neoplastic cells have indistinct borders, abundant 
foamy or eosinophilic cytoplasm, and regular to slightly 
pleomorphic nuclei, resembling histiocytes [222]. However, 
none of these tumors are classified as apocrine carcinomas 
(see also Chap. 14—Atypical Lobular Hyperplasia and 
Lobular Carcinoma in Situ and Chap. 15—Invasive Lobular 
Carcinoma).
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g h

Fig. 12.40 (continued)
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Fig. 12.41 Cytologic features of invasive apocrine carcinoma, granu-
lar variant (type A). (a) The tumor cells are large with sharply defined 
borders, abundant eosinophilic granular cytoplasm, and rounded pleo-
morphic nuclei with vesicular chromatin and prominent nucleoli. (b) 

Rare cases may demonstrate intracytoplasmic mucin. (c, d) This exam-
ple shows prominent, coarse, and brightly eosinophilic cytoplasmic 
granules, which are highlighted by diastase-resistant PAS stain

 Immunohistochemistry

 ER, PR, AR, and HER2 Biomarkers
The majority of apocrine carcinomas are negative for ER 
and PR and demonstrate strong AR expression (Fig. 12.46) 
[199, 223]. Pure apocrine carcinomas are by definition ER 
negative, PR negative, and AR positive (at least 10% of cells 
has been suggested) [199]. The ERα isoform ER-α36 was 
found to be frequently overexpressed in pure apocrine carci-
noma [36]. AR expression is much less common in 
ER-negative carcinomas compared to ER-positive/luminal 
carcinomas but is not entirely unique to apocrine carcino-
mas among ER-negative tumors [197, 224, 225]. In contrast 

to pure apocrine carcinomas, only ~58% of molecular apo-
crine tumors were found to express AR by immunohisto-
chemistry in one study, despite high AR mRNA expression 
[197]. AR expression has been associated with HER2 over-
expression and/or ERBB2 amplification [199, 226]. HER2 
overexpression and ERBB2 amplification have been 
observed in up to 57% of pure apocrine carcinomas [199], 
which is significantly higher than the incidence of HER2 
overexpression in IDC-NST. The remaining pure apocrine 
carcinomas are triple negative (TNAC) [199, 203]. HER2 
overexpression has been inversely correlated with EGFR 
expression in apocrine carcinomas, with the vast majority of 
TNAC overexpressing EGFR [199].
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Fig. 12.42 Granular cell tumor may mimic invasive apocrine carci-
noma. (a, b) Granular cell tumor shows infiltrating clusters of epitheli-
oid cells with abundant granular eosinophilic cytoplasm, which may 
mimic apocrine carcinoma (e, f). Note the small, bland nuclei of granu-
lar cell tumor, in contrast to the larger, more atypical nuclei of apocrine 
carcinoma. Granular cell tumors (c) show strong and diffuse positivity 
for S100 protein, (d) but are negative for keratin, (g) in contrast to apo-

crine carcinomas. (h–k) The invasive component of this apocrine carci-
noma (h, i) shows infiltrative tumor cell clusters with indistinct cell 
borders and abundant granular eosinophilic cytoplasm in a dense scle-
rotic stroma, mimicking granular cell tumor. (j) In this case, an associ-
ated in situ component shows well-developed apocrine features and is 
useful to help establish the correct diagnosis. (k) An immunostain for 
ER is negative in invasive apocrine carcinoma (and granular cell tumor)
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Fig. 12.43 Cytologic features of invasive apocrine carcinoma, foamy variant (type B). The tumor cells of this variant have abundant (a) foamy to 
(b, c) vacuolated clear cytoplasm

a b

Fig. 12.44 Apocrine ductal carcinoma in situ. (a, b) The in situ component associated with invasive apocrine carcinoma often displays similar 
apocrine cytologic features
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Fig. 12.45 Invasive pleomorphic lobular carcinoma with apocrine fea-
tures. (a) These tumors are characterized by discohesive tumor cells 
with vacuolated cytoplasm infiltrating as single cells and small cell 
groups, with permeative and targetoid growth patterns. (b) In contrast 
to classic invasive lobular carcinoma, the tumor cells are large and dem-

onstrate abundant eosinophilic granular cytoplasm with pleomorphic 
nuclei and prominent nucleoli, indicative of apocrine differentiation. (c) 
Negative or aberrant E-cadherin immunostaining supports the lobular 
phenotype. (d) Similar to invasive apocrine carcinomas, in general, 
these tumors express GCDFP-15

 Markers of Apocrine Differentiation
GCDFP-15 is an AR-regulated protein that is often regarded 
as a functional marker of apocrine differentiation in benign 
and malignant cells (Fig. 12.46a, b) [227]. GCDFP-15 has 
been found to strongly correlate with AR expression and 
with carcinomas showing a surrogate molecular apocrine 
immunophenotype (ER-, PR-, AR+), and was associated 
with but not specific for apocrine morphology in the latter 
group [197, 228]. Pure apocrine carcinomas were positive 
for GCDFP-15 in ~71% of cases in one study [228]. However, 
GCDFP-15 has also been positively correlated with HR and 
HER2 expression and is not limited to apocrine carcinomas 
[197, 228–230]. With respect to HR-negative carcinomas, 
one study observed GCDFP-15 expression in molecular apo-
crine tumors but not in basal-like carcinomas of the control 
group. However, the vast majority (93%) of molecular apo-

crine carcinomas in this study lacked apocrine morphologic 
features [197]. Decreased GCDFP-15 expression has been 
demonstrated in lymph node-positive apocrine carcinomas 
and in advanced disease [229, 231], which also limits its use 
as a reliable marker for the apocrine phenotype.

Celis et al. defined a specific apocrine protein signature 
analogous to that of apocrine sweat glands, which included 
markers consistently expressed in apocrine cells (such as 
AR, CD24, 15-PDGH [prostaglandin dehydrogenase], 
ACSMS1 [acyl-CoA synthetase medium-chain family num-
ber 1]), as well as markers which are typically not expressed 
[232]. 5α-Reductase, an enzyme that converts testosterone to 
dihydrotestosterone, was expressed in approximately 60% of 
apocrine carcinomas and correlated with adverse prognostic 
parameters [230]. Other markers reported to be specific for 
apocrine differentiation include gamma-glutaminyl transfer-
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Fig. 12.46 Immunophenotype of invasive apocrine carcinoma. (a) 
Invasive apocrine carcinoma is characterized by strong immunoreactiv-
ity to (b) GCDFP-15, whereas (c) mammaglobin, another commonly 
utilized breast-specific marker, is typically negative. (d) BCL2 is typi-

cally negative in these tumors. (e, f) This invasive apocrine carcinoma 
shows characteristic immunopositivity for (e) GATA3 and (f) AR. ER 
and PR were negative (not shown)
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ase 1 (GGT-1), tumor-associated glycoprotein-72, HMGCS2, 
and FAB7 [233–235]. However, none of these markers are 
currently used for routine clinical application.

 Other Immunohistochemical Markers
Apocrine carcinoma cells are immunoreactive for epithelial 
markers, including EMA and LMWCK (e.g., CK7, CK8, 
CK18, CK19) [37, 236]. In one study, CK20 reactivity was 
detected in 50% (4/8) of apocrine carcinomas, while none of 
the non-apocrine breast carcinomas were CK20 positive 
[236]. The immunohistochemical profile (expression of 
luminal CKs, negative for basal cytokeratins CK5/6 and 
CK14) is consistent with gene expression studies indicating 
that apocrine carcinomas are generally not basal-like by 
molecular profiling [37, 196, 198]. CEA positivity has also 
been observed in apocrine carcinomas [237]. Apocrine cells, 
both benign and malignant, are usually negative or only 

focally positive for the breast marker mammaglobin 
(Fig.  12.46c). In contrast, GATA3, a sensitive marker for 
breast carcinomas including TNBC, is usually positive in 
apocrine carcinomas [114, 238, 239] (Fig. 12.46e) and has 
also been correlated with AR expression in TNBC [240]. 
Apocrine carcinomas are typically negative for neuroendo-
crine markers, such as synaptophysin, chromogranin A, and 
CD56 [37]. TNAC tend to have a lower Ki-67 proliferation 
index compared to non-apocrine TNBC [208, 210, 212].

 Differential Diagnosis

The most common morphologic mimic of invasive apocrine 
carcinoma is sclerosing adenosis involved by atypical apo-
crine cells (atypical apocrine adenosis) or apocrine DCIS 
(Fig. 12.47). Appreciation of the lobulocentric growth of the 

a b

c

Fig. 12.47 Atypical apocrine adenosis may mimic invasive apocrine 
carcinoma. (a) The nuclei of apocrine cells in atypical apocrine adeno-
sis are enlarged (at least three times the size of normal apocrine cells) 
and often hyperchromatic. Mitotic figures may be present (not shown). 
The ductules appear crowded and haphazardly arranged on high magni-
fication, which, in combination with the cytologic features, may mimic 
invasive carcinoma with apocrine differentiation. (b) Lower magnifica-

tion is helpful to appreciate the lobulocentric nature of the lesion, 
although this may not be well visualized in scant core biopsy speci-
mens. (c) Immunohistochemistry for myoepithelial cell markers (SMM 
in this case) may be helpful to exclude invasive carcinoma and establish 
the correct diagnosis. Note that myoepithelial cell staining may be 
attenuated in some apocrine lesions (not shown here)
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latter lesions on low-power magnification is helpful in mak-
ing the distinction but may not be apparent in limited core 
biopsy material. Immunostains can help to highlight the 
myoepithelial cells of sclerosing lesions in challenging 
cases. In this context, it should be remembered that myoepi-
thelial cells may be attenuated in non-invasive apocrine and 
sclerosing lesions [241, 242].

A variety of benign and malignant lesions characterized 
by large epithelioid cells with abundant eosinophilic or pale 
vacuolated cytoplasm may be confused with apocrine carci-
noma, especially in a limited core biopsy specimen.

Granular cell tumor can rarely arise in the breast and may 
be misinterpreted as apocrine carcinoma. Contrary to apo-
crine carcinoma, cells of granular cell tumors have small 
nuclei with absent to indistinct nucleoli and no to only rare 
mitotic figures. Cytokeratin immunohistochemistry will 

stain tumor cells of apocrine carcinoma but is negative in 
granular cell tumors. Conversely, S100 protein is diffusely 
and intensely positive in granular cell tumor but is negative 
or shows only focal weak reactivity in apocrine carcinoma 
(Fig. 12.42).

An inflammatory process with accumulation of foamy 
histiocytes may sometimes simulate apocrine carcinoma. 
However, the histiocytes in such cases have bland cytologic 
features, in contrast to the atypical nuclei of apocrine carci-
nomas. Immunohistochemical stains for cytokeratin and his-
tiocytic markers such as CD68 and CD163 can be used to 
establish the correct diagnosis in cases that are equivocal on 
H&E (Fig. 12.48a–d).

In addition to apocrine carcinoma, invasive breast carci-
noma with oncocytic pattern, acinic cell carcinoma, and 
 neuroendocrine tumors are characterized by eosinophilic 

a b

c d

Fig. 12.48 Histiocytic infiltrates may be mistaken for invasive apo-
crine carcinoma. (a, b) The cytologic features and nested growth pat-
tern of prominent histiocytic reactions may sometimes mimic invasive 

apocrine carcinoma, especially in limited core biopsy material. (d) 
CD68 and other histiocytic markers, such as CD163, are positive in 
such cases, whereas (c) keratin is negative

12 Less Common Triple-Negative Breast Cancers



520

granular cytoplasm. Oncocytic carcinoma was first described 
by Damiani et al. and characterized by Ragazzi et al. as an 
invasive carcinoma composed of at least 70% oncocytic cells 
displaying strong immunoreactivity for anti-mitochondrial 
antibody [243, 244]. These tumors usually demonstrate a 
solid growth pattern with pushing margins. The oncocytic 
cells have well-defined borders and abundant granular eosin-
ophilic cytoplasm, which is due to diffuse accumulation of 
mitochondria, similar to oncocytes at other anatomic sites. 
The nuclei range from low grade to pleomorphic. Although 
apocrine cells and oncocytes share similar morphological 
features, recognition of a few differences can be helpful to 
distinguish these tumors. Immunophenotypically, anti- 
mitochondrial antibody is positive in a diffuse strong granu-
lar pattern in invasive breast carcinoma with oncocytic 
pattern but is negative or focal in apocrine carcinoma. 
Furthermore, invasive breast carcinoma with oncocytic pat-
tern is often ER positive (~80% of cases) and GCDFP-15 
negative (~70%), whereas pure apocrine carcinoma exhibits 
the reverse immunophenotype [243, 244]. Although consid-
ered a rare pattern of invasive breast carcinoma, one study 
using anti-mitochondrial antibody found that ~20% of 76 
consecutive invasive carcinomas were rich in mitochondria 
[243]. Oncocytic carcinomas or mitochondrion-rich carcino-
mas of the breast appear to be molecularly heterogeneous, 
with most classified as luminal or HER2 subtype [245]. A 
subset of tumors was found to have chromosomal gains of 
11q13.1-q13.2 and 19p13, similar to oncocytic tumors of the 
kidney and thyroid [245]. The clinical features and prognosis 
of invasive breast carcinoma with oncocytic pattern appear to 
be similar to other IDC-NST when matched for grade and 
stage [243, 246, 247].

Acinic cell carcinoma, first described by Roncaroli et al. 
in 1996 [248], is an exceedingly rare subtype of breast 
 cancer, which displays serous acinar differentiation and is 
morphologically similar to its salivary gland counterpart. 
These tumors may present as a palpable mass and show infil-
trative growth grossly [249, 250]. The tumor cells exhibit 
solid, microglandular, or microcystic architectural patterns 

and have moderate to abundant, amphophilic to eosinophilic 
granular cytoplasm and round to oval nuclei. The granules 
are often large, coarse, and bright red in color, resembling 
those seen in intestinal Paneth cells (Figs. 12.49 and 12.51). 
Clear cells with hypernephroid appearance may be observed. 
The cytoplasm stains with PAS after diastase digestion and 
may also be focally positive for GCDFP-15, similar to apo-
crine carcinoma. However, most of the tumor cells are immu-
noreactive to amylase, alpha-1 antichymotrypsin, lysozyme, 
S100 protein, and EMA, which confirms the diagnosis 
(Figs. 12.50 and 12.51). Acinic cell carcinomas are consis-
tently negative for ER, PR, AR, and HER2 [250–252] 
(Fig.  12.51h). Guerini-Rocco et  al. revealed complex 
genomic patterns of gains and losses in acinic cell carci-
noma, similar to other types of high-grade TNBC.  Most 
tumors were also noted to harbor TP53 mutation [253]. A 
close relationship has been reported between microglandular 
adenosis and acinic cell carcinoma [254, 255]. Despite being 
triple negative, acinic cell carcinomas of the breast have an 
indolent clinical behavior [250]. A subset of acinic cell car-
cinomas are found in association with high-grade TNBC of 
NST (Fig. 12.52), and one study demonstrated shared identi-
cal mutations in both components, suggesting that some 
acinic cell carcinomas might constitute the substrate for the 
development of a more aggressive form of triple-negative 
carcinomas [253].

Table 12.7 summarizes the distinguishing features of pri-
mary breast carcinomas with granular cytoplasm.

The differential diagnosis of apocrine carcinoma with 
clear cell features primarily includes metastatic renal cell 
carcinoma (RCC) of clear cell type, as well as adenomyo-
epithelioma (Fig. 12.43). Clinical history is critical in sus-
pecting the diagnosis of metastatic RCC.  In contrast to 
apocrine carcinoma, clear cell RCC shows negative immu-
noreactivity for CK7 and CK20 and is typically positive for 
PAX2, PAX8, and RCC markers. Lastly, exceedingly rare 
invasive breast carcinomas with sebaceous, lipid-rich, or 
glycogen-rich patterns are included in the differential diag-
nosis (see Chap. 10).

Fig. 12.49 Acinic cell carcinoma of the breast. (a–c) Core needle 
biopsy of an acinic cell carcinoma showing infiltrative microglandular 
growth of tumor cells with eosinophilic granular cytoplasm and bland 
rounded nuclei. (d–f) Subsequent excision revealed predominantly 
microglandular and focal solid growth. Note the abundance of distinc-

tive coarse eosinophilic cytoplasmic granules resembling zymogen 
granules of intestinal Paneth cells (f). (Courtesy of Dr. Jose Jessurun, 
Department of Pathology and Laboratory Medicine, Weill Cornell 
Medicine with permission)
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Fig. 12.50 Acinic cell carcinoma of the breast. (a, b) This example of 
acinic cell carcinoma demonstrates columnar tumor cells with clear 
cytoplasm and orderly polarized rounded nuclei arranged in an acinar 
pattern. Note the presence of large eosinophilic granules in the apical 

cytoplasm in some tumor cells. The tumor cells are strongly immunore-
active for (c) lysozyme and (d) S100 protein. (Courtesy of Dr. Laura 
C. Collins, Department of Pathology, Beth Israel Deaconess Medical 
Center with permission)

 Pathogenesis and Risk Factors

The origin and pathogenesis of carcinomas with apocrine 
differentiation is poorly understood. Using comparative 
genomic hybridization, one study found evidence of clonal-
ity in benign cysts with papillary apocrine hyperplasia, and 
some of these benign lesions showed chromosomal copy 
number alterations also identified in apocrine DCIS and 
invasive apocrine carcinomas (including 2q and 13q gains; 
1p, 16q, and 17q losses). These findings suggest that a subset 
of benign apocrine proliferations may be non-obligate pre-
cursors to carcinomas with apocrine differentiation [256]. 
Given how common apocrine metaplasia and hyperplasia is, 
such an event would be predicted to be exceedingly rare.

Patients with Cowden disease have germline PTEN muta-
tions and an increased risk of breast cancer. Banneau et al. 

reported that the gene expression profiles of breast carcino-
mas in patients with Cowden disease at least partially  overlap 
with the molecular apocrine signature, and many of these 
tumors show apocrine morphologic and immunophenotypic 
(AR+, ER-, PR-, HER2+/−) features [234]. Benign breast 
lesions in patients with Cowden disease also frequently show 
apocrine differentiation [257, 258]. Together, the observa-
tions suggest a possible link between germline PTEN muta-
tion and apocrine phenotype. However, most apocrine 
carcinomas are unrelated to Cowden disease.

Gene expression profiling studies have defined a molec-
ular apocrine signature based on ER-negative breast carci-
nomas that express high levels of AR, as well as genes 
typically expressed in ER-positive/luminal tumors. Up to 
one-half of these tumors are HER2 positive, with the 
remainder being triple negative. Many but not all of the 
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Fig. 12.51 Acinic cell carcinoma of the breast. (a–c) Another example 
of acinic cell carcinoma showing infiltrating small glands in fibrofatty 
stroma without desmoplastic reaction. The tumor cells forming the 
microglands have abundant amphophilic cytoplasm, many of which 
containing large, coarse, and bright eosinophilic granules (b, c). The 

small glands lack a myoepithelial layer, as seen with p63 (d) and SMM 
(e) immunostains. The neoplastic cells are strongly positive for lyso-
zyme (f) and S100 protein (g). Acinic cell carcinoma is typically nega-
tive for ER (h), PR (not shown) and HER2 (not shown)

a b

c d
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Fig. 12.52 Acinic cell carcinoma (right lower field) with adjacent 
high-grade, triple-negative IBC-NST (left upper field)

g h

Fig. 12.51 (continued)

tumors in the combined studies showed morphologic fea-
tures of apocrine differentiation [198, 259]. Pleomorphic 
invasive lobular carcinomas with apocrine differentiation 
have also been found to cluster with the molecular apocrine 
group [37]. However, in a study that classified molecular 
apocrine carcinomas based on expression of a targeted sub-
set of genes from the signature, only 7% of tumors had apo-
crine morphology [197]. Accordingly, apocrine carcinoma 
shows overlap with but does not always correlate with the 
molecular apocrine expression signature. Lehmann et  al. 
described an LAR gene expression signature in ~10% of 
TNBC, which was characterized by increased expression of 
AR and AR-regulated genes, as well as other features typi-
cal of ER-positive luminal carcinomas. This group likely 
includes the subset of HER2-negative molecular apocrine 
tumors [196].

Apocrine carcinomas frequently harbor mutations in 
PI-3K pathway genes, most often PIK3CA, as well as PTEN, 
PIK3R1, and AKT1 [195, 208, 215]. In a study of 18 TNAC, 
the most frequently mutated genes were PIK3CA (~72%), 
PTEN (~33%), and TP53 (~28%). TP53 mutations are less 
common compared to other TNBC [208, 215]. Additional 
alterations include RAS/RAF/MEK pathway genes, growth 
factor receptors, and cell cycle genes [208]. A single TNAC 
with a potentially actionable novel FGFR2-TACC2 fusion 
has been reported [208]. Genomic instability of TNAC is 
low, in contrast to other TNBC [208, 215].

 Prognosis and Clinical Management

Data on the prognosis of patients with apocrine carcinoma 
have been contradictory, which is likely due to retrospective 
series with relatively low numbers of patients and the lack of 
uniform defining criteria (morphology alone, versus mor-
phology with ER and/or AR and/or HER2 status, versus 
molecular subtype without histology). Some studies have 
reported similar [209, 231, 260–263] or worse [203, 214] out-
comes of apocrine carcinomas compared to IDC-NST. These 
studies have generally included ER-positive or HER2-positive 
apocrine carcinomas in the analyses, which are likely to drive 
tumor behavior, treatment, and prognosis. In a SEER study, 
poor outcomes of patients with apocrine carcinomas com-
pared to IDC-NST improved after correction for demographic 
and clinicopathologic (grade, stage, ER, PR, HER2, nodal 
status) factors [214]. A number of studies have observed bet-
ter outcomes of TNAC compared to other TNBC [207, 210, 
211, 264, 265]. This would be consistent with the smaller 
size, lower grade, and lower Ki-67 indices often associated 
with TNAC [203, 208, 210–213, 215, 265]. Rates of lympho-
vascular invasion and lymph node metastasis may be similar 
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Table 12.7 Distinguishing pathologic features of breast carcinomas with granular cytoplasm

Apocrine carcinoma Acinic cell carcinoma
Invasive carcinoma with 
oncocytic pattern Neuroendocrine tumor

Growth 
pattern

Variable (nests, glands, 
micropapillary, papillary, single 
cells)

Microglandular, solid, microcystic Solid growth with 
pushing margin

Nests (organoid), solid 
papillary

Cytologic 
features

Large cells; well-defined cell 
border; abundant eosinophilic 
granular to foamy or clear 
cytoplasm; apical cytoplasmic 
snouts may be present if glandular

Monotonous cuboidal/columnar to 
polygonal cells; moderate to 
abundant, amphophilic to 
eosinophilic granular or clear 
cytoplasm

Large round cells; 
well-defined cell border; 
abundant eosinophilic 
granular cytoplasm

Polygonal, plasmacytoid 
or spindled cells; moderate 
eosinophilic granular 
cytoplasm

Nuclear 
features

Round to pleomorphic; prominent 
nucleoli

Round to oval Centrally located; low 
grade to pleomorphic; 
prominent nucleoli

Low to intermediate grade

Granules Electron-dense secretory granules; 
coarse eosinophilic granules

Zymogen granules; coarse bright 
red granules

Mitochondria; fine 
eosinophilic granules

Neurosecretory granules; 
fine eosinophilic granules

Defining 
IHCa profile

ER−, PR−, AR+ Amylase+, lysozyme+, alpha-1 
antichymotrypsin+

Mitochondrial antibody 
strong staining in ≥70% 
tumor cells

Synaptophysin+, 
chromogranin+

Additional 
IHC profile

GCDFP-15+, BCL2− ER−, PR−, HER2−, S100+, 
EMA+

ER+ (~80%), 
GCDFP-15− (~70%)

ER+, HER2−

a Abbreviations: IHC immunohistochemical

in TNAC compared to other TNBC [207]. Worse outcomes 
have been reported in LAR tumors compared to other TNBC 
and in molecular apocrine carcinomas compared to other 
molecular subtypes, but these groups defined by either gene 
expression or immunohistochemistry do not correlate per-
fectly with apocrine carcinoma [196, 265, 266].

Treatment for apocrine carcinoma is often similar to IBC- 
NST. The role of adjuvant chemotherapy is limited by pau-
city of data. Population-based studies have shown that 
patients with TNAC overall receive chemotherapy at a lower 
rate than other TNBC, yet outcomes were more favorable 
[207, 211, 265]. There is little data on the response of apo-
crine carcinomas to neoadjuvant chemotherapy. Lower rates 
of pathologic complete response have been observed in apo-
crine carcinomas, although outcomes remained favorable 
[262]. Pathologic complete response rates were reported to 
be variable for LAR tumors [267, 268] and similar to basal- 
like TNBC for molecular apocrine tumors [266], but apo-
crine morphology was not considered in these analyses. 
Apocrine carcinomas with HER2 overexpression are eligible 
for anti-HER2 targeted therapies.

Given the high frequency of AR expression in apocrine 
carcinomas or molecularly defined groups (molecular apo-
crine or LAR tumors), androgen blockade may offer a thera-
peutic approach for these tumors [269, 270]. The high 
frequency of PI-3K/mTOR pathway mutations suggests that 
targeted inhibitors of this pathway may also be therapeutic 
candidates [271]. Preclinical models have suggested that 
AR-positive/LAR TNBC are sensitive to CDK4/6 inhibition 
[272, 273]. A number of clinical trials are examining the 
 utility of PI-3 K and CDK4/6 inhibitors in combination with 
anti-androgens in TNBC [274].

 Metaplastic Carcinoma

 Overview and Clinical Presentation

Metaplastic breast carcinomas constitute a heterogeneous 
group of predominantly triple-negative invasive breast can-
cers characterized by differentiation of the neoplastic epithe-
lium into squamous and/or mesenchymal-like elements, 
including spindle cell, chondroid, or osseous components 
and rarely others [275]. These tumors are uncommon, repre-
senting 0.2–1% of all breast carcinomas [275–278]. 
Differences in the definition of metaplastic carcinoma likely 
account for the reported variability in prevalence. In general, 
metaplastic components should comprise >10% of the tumor 
cells for a diagnosis of metaplastic carcinoma, although 
some authors have used different cutoffs including <10% or 
≥20% [279–281]. IDC-NST may also occasionally show 
focal metaplastic components.

Various terminologies have been applied in the literature 
to categorize the different morphologic features that can be 
seen in metaplastic carcinomas. These tumors have been 
described as being monophasic, with only one metaplastic 
component present, or biphasic, with more than one com-
ponent present. Biphasic tumors may have only metaplastic 
components or include metaplastic and adenocarcinoma 
components. Some metaplastic carcinomas are purely epi-
thelial (squamous cell carcinoma, adenosquamous carci-
noma) or purely sarcomatoid (spindle cell carcinoma), 
whereas others are biphasic epithelial and sarcomatoid. The 
WHO classification uses a practical descriptive system of 
metaplastic carcinoma patterns based on the histologic type 
of metaplastic components present: low-grade adenosqua-
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mous carcinoma (LGASC), fibromatosis-like metaplastic 
carcinoma (FLMBC), squamous cell carcinoma (SCC), 
spindle cell carcinoma, metaplastic carcinoma with heter-
ologous mesenchymal differentiation (MCMD), and mixed 
metaplastic carcinoma [275]. When a metaplastic carci-
noma is composed of multiple different components, it is 
recommended to report each component and its estimated 
percentage [275]. LGASC and FLMBC are considered 
low-grade metaplastic carcinomas and tend to have a favor-
able prognosis, despite the triple-negative phenotype. The 
other groups generally have more aggressive behavior and 
worse outcomes, although retrospective analyses suggest 
differences in outcomes between some groups [275, 279, 
282]. An international study of 364 metaplastic carcinomas 
from centers in Europe and Asia showed the following fre-
quency distribution: 32% spindle cell carcinoma, 29% 
matrix-producing carcinoma (mesenchymal differentia-
tion), 21% SCC, 13% mixed squamous and spindle cell 
carcinoma, and 5% FLMBC [279]. Another study of 347 
tumors in the Asia- Pacific Metaplastic Breast Cancer 
(AP-MBC) consortium found mixed (72%), pure squamous 
(16%), and pure spindle cell (8%) metaplastic carcinomas 
to comprise ~96% of cases [282].

The clinical features and patient age distribution of meta-
plastic carcinomas are overall similar to those of ER-negative 
IBC-NST, although patients with metaplastic carcinoma 
tend to present at a higher stage [276, 283]. Most patients 
(85% in one study) present with a palpable lump [284]. A 
lower incidence of lymph node involvement has been found 
compared to IDC-NST [13, 277, 278, 285–287].

 Gross and Radiologic Features

Some metaplastic carcinomas display imaging features 
more often associated with benign lesions, such as round 
or oval masses with circumscribed margins [288]. 
However, in a recent series of 71 metaplastic carcinomas, 
>90% showed imaging features concerning for malig-
nancy, most commonly being an ill-defined mass. Fifteen 
percent of the tumors in this study were classified as inter-
val cancers [284]. Calcifications are uncommon but may 
be associated with DCIS or tumors with osseous differen-
tiation [284, 288, 289].

Metaplastic breast carcinomas are often larger than IBC- 
NST, with a reported mean size of 3.9 cm, ranging from 2 to 
>10 cm [275, 278, 283, 287]. The gross features are overall 
not different from those of IBC-NST, with some cases 
appearing relatively circumscribed and others having irregu-
lar, ill-defined borders. Cystic change may be seen, espe-
cially in squamous cell carcinomas [290]. Tumors with 
heterologous cartilaginous differentiation may appear gelati-

nous, and those with osseous differentiation are hard and 
gritty. Additional features relevant to specific subtypes are 
discussed in the appropriate sections below.

 Low-Grade Adenosquamous Carcinoma

First described by Rosen and Ernsberger in 1987, LGASC is 
a distinct and uncommon type of metaplastic carcinoma with 
low-grade features [291]. In contrast to most other metaplas-
tic carcinomas (except FLMBC), LGASC generally have an 
indolent clinical course, although they can be locally aggres-
sive [292, 293]. The diagnosis can be especially challenging 
in CNB due to tissue fragmentation, inconsistent sampling of 
lesional tissue, and variable staining with epithelial and 
myoepithelial markers [291, 294]. Familiarity with the mor-
phologic features and unique immunophenotype is thus 
important for diagnosis [292].

These tumors are overall smaller than other types of meta-
plastic carcinoma, with a median size of 2–2.8 cm (ranging 
from 0.5 to 8.6 cm). Grossly, LGASC has a stellate configu-
ration with irregular borders and a firm to hard yellow cut 
surface [291].

 Microscopic Features
Microscopically, LGASC are composed of infiltrating small 
glands intermixed with solid nests of squamous cells in a 
spindle cell background (Fig. 12.53a). The growth pattern is 
occasionally centrifugal and can resemble a radial scar on 
low magnification. The glands are usually small, elongated, 
and compressed, forming slender extensions suggestive of 
syringomatous differentiation [291, 293]. The glands are 
lined by biphasic luminal epithelial cells and myoepithelial 
cells, with variable degrees of squamous differentiation of 
the luminal epithelial cells (Fig.  12.53b–e). The glandular 
lumens may contain eosinophilic amorphous material with a 
condensed, inspissated appearance. The squamous nests are 
of various sizes and shapes, including thin strands and single 
cells. Squamous pearls or squamous cysts may also be pres-
ent (Fig.  12.53f). Both the glandular and squamous cells 
exhibit low-grade cytology, low mitotic activity, and a lack 
of necrosis, which correlates with the indolent clinical course 
[291–293]. The stroma of LGASC is typically composed of 
cellular spindle cells but may be fibrotic and paucicellular. 
The stromal cells are often arranged in a concentric fashion 
around the epithelial elements, from which they appear to 
emanate. A prominent lymphocytic response is often 
observed at the periphery of the tumor, sometimes in a “can-
non ball” pattern. Osteocartilaginous metaplasia may rarely 
be seen in the stroma [293]. LGASC are highly infiltrative, 
with the small tumor glands and squamous nests insinuating 
between and into normal undistorted lobules (Fig. 12.54c). 
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Fig. 12.53 Low-grade adenosquamous carcinoma. (a) LGASC show-
ing infiltrating small glands and nests of squamous cells within a des-
moplastic to focally fibrotic stroma. Note the lymphoid aggregates, 
which are usually present at the periphery of the tumor. (b–d) Higher 
power views highlighting the infiltrative glands, which are typically 

elongated and/or compressed and show variable squamous differentia-
tion. Note some of the cell nests with tear-drop extensions, suggestive 
of syringomatous differentiation. (e) These features can be appreciated 
on core biopsy. (f) Squamous cysts may be seen in some cases
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Fig. 12.54 Low-grade adenosquamous carcinoma mimicking scleros-
ing lesion. (a) The low-power architecture of this LGASC is suggestive 
of a sclerosing lesion. (b) On medium power, slender compressed 
glands are present within a cellular stroma, which is accentuated around 
the tumor nests. Note the lymphocytic infiltrates at the tumor periphery 

(right side of images a and b). (c) The neoplastic glands show squa-
mous differentiation and infiltrate between and within the benign lob-
ules. (d) Immunohistochemical triple stain (p63 and calponin in brown 
chromogen and CAM5.2  in red) shows that the tumor cell nests are 
positive for p63 and negative for both calponin and CAM5.2

Rare cases may demonstrate coexisting DCIS or IDC-NST 
or show transition to higher grade metaplastic components 
[292, 295, 296].

LGASC may arise in association with a central sclerosing 
proliferative lesion, such as radial scar, sclerosing adenosis, 
or sclerosing papilloma [292, 293, 297]. Association with 
adenomyoepithelioma has also been reported [298]. In these 
settings, the small glands and squamous nests of LGASC 
surround and intermingle with the background distorted 
ducts and can be easily overlooked and misinterpreted as part 
of the entrapped epithelial structures characteristic of these 
sclerosing lesions. However, the stroma of LGASC is des-
moplastic rather than fibroelastotic, and the morphologic 
features of the epithelium, including squamous cell nests, 
should alert the pathologist to the possibility of LGASC 
mimicking a benign sclerosing lesion (Fig. 12.54a–d).

 Immunohistochemistry
Immunophenotypically, LGASC demonstrate an unusual 
“consistently variable” staining pattern with myoepithelial 
markers. In a study of a large series of LGASC, myoepithe-
lial markers (p63, SMM, calponin, SMA, CD10) were found 
to exhibit a spectrum of complete, discontinuous, or absent 
staining around the epithelial nests within the same tumor in 
over one-third of the cases, with 11% of tumors demonstrat-
ing complete circumferential staining (Fig. 12.55f, g) [294]. 
No tumor showed complete absence of staining by any of the 
myoepithelial markers. Glandular luminal staining for p63 
was observed in approximately 75% of LGASC, further sup-
porting squamous differentiation of these glandular struc-
tures. In addition, a distinctive lamellar (concentric) staining 
pattern of stromal cells surrounding glands was noted with 
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SMM and/or calponin in more than half of the lesions, which 
can complicate interpretation of true myoepithelial staining 
(Fig.  12.55e). Another feature is the core staining pattern 
observed with various cytokeratins, in which the luminally 
located epithelial cells of neoplastic glands stained stronger 
than the adjacent basal cells within the same glands 
(Fig.  12.55d). These unique inconsistent staining patterns 
with epithelial and myoepithelial markers may be diagnosti-
cally valuable in problematic cases to support the suspicion 
of LGASC (Fig. 12.55a–g). LGASC are triple negative for 
ER, PR, and HER2 (Fig. 12.55h) and show consistent expres-
sion of basal cytokeratins (CK5/6, CK14, CK17) [295, 296, 
299–302], indicative of a basal-like immunophenotype. 
EGFR is variably expressed [295, 299, 302].

 Differential Diagnosis
The differential diagnosis of LGASC includes benign fibro-
sclerosing lesions (sclerosing adenosis, radial scar/complex 
sclerosing lesion), reactive squamous metaplasia, tubular 
carcinoma, and syringomatous adenoma of the nipple [292, 
294]. Fibrosclerosing lesions usually do not demonstrate 
squamous differentiation, and the associated stroma is typi-
cally fibroelastotic and hypocellular. These lesions also lack 
infiltrative growth of glands between and into normal lob-
ules, and the glands are often surrounded by a complete 
myoepithelial layer (Fig.  12.54a–d). However, rare squa-
mous metaplasia may be observed in fibrosclerosing lesions, 
and decreased or focal lack of myoepithelial marker expres-
sion can be seen [241]. Early cellular sclerosing lesions can 

Fig. 12.55 Core needle biopsy of low-grade adenosquamous carci-
noma. (a–c) This CNB shows nests and glands of tumor cells with squa-
mous features embedded within a cellular spindle cell stroma. (d) 
Immunohistochemical staining for CK7 demonstrates characteristic 
“core staining” pattern, with stronger staining of luminal epithelial cells 
than surrounding basally located cells. (e) SMM immunostain high-

lights stromal cell cuffing around lesional cells giving characteristic 
“lamellar” staining pattern. (f, g) p63 and calponin immunostains show 
the consistently variable staining pattern, with a spectrum of complete, 
discontinuous, and absent staining pattern around the tumor nests 
within the same lesion. (h) The tumor cells lack ER expression

a b

c d
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harbor adenosquamous-like areas in the central nidus, rais-
ing consideration for LGASC [303]. Therefore, the distinc-
tion between LGASC and benign fibrosclerosing lesions 
may be difficult even with immunohistochemical stains in a 
core biopsy specimen. In such challenging cases, a descrip-
tive diagnosis of “atypical sclerosing lesion” with a com-
ment to recommend excision can be considered.

Tubular carcinomas feature angulated glands in a cellular 
desmoplastic stroma, which may be confused with 
LGASC.  However, tubular carcinomas do not show squa-
mous differentiation. Furthermore, LGASCs demonstrate 
inconsistent staining patterns with myoepithelial markers, 
whereas the neoplastic glands of tubular carcinomas lack 
myoepithelial staining altogether. Lastly, tubular carcinomas 
are strongly positive for ER, in sharp contrast to the negative 
ER immunophenotype of LGASC.

The most difficult differential diagnosis of LGASC is 
with syringomatous tumor of the nipple, as both lesions 
share identical or nearly identical morphologic and immuno-

histochemical features, and both have a propensity for local 
recurrence [275, 292, 301]. Tumor location is also not a 
strong discriminating feature, as both can occur in the ret-
roareolar region [294]. Syringomatous tumor of the nipple 
may exhibit a similar inconsistent staining pattern with myo-
epithelial markers as is typical of LGASC, although the 
“lamellar” myoepithelial and core “cytokeratin” staining 
patterns are not likely to be seen in the former [294].

LGASC should be distinguished from high-grade adeno-
squamous carcinoma (SCC mixed with IBC-NST), due to 
the often-aggressive behavior of the latter.

 Fibromatosis-Like Metaplastic Carcinoma

FLMBC was first described by Gobbi et al. in 1999 as a low- 
grade variant of metaplastic carcinoma that mimics fibro-
matosis [304]. Compared to other metaplastic carcinomas, 
these tumors are associated with unique clinical behavior 

e f
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Fig. 12.55 (continued)
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characterized by low malignant potential, a high incidence 
of local recurrence, and very rare distant metastases. 
FLMBC has shown predilection for older women and the 
left breast [305].

Grossly, FLMBC appears as a hard mass with homoge-
nous gritty, gray white cut surfaces, ranging in size from 1 to 
7 cm. Some lesions are circumscribed, whereas others have 
irregular borders or may even be cystic in appearance [305].

 Microscopic Features
Histologically, FLMBC exhibit an infiltrative, fibromatosis- 
like growth pattern [304, 306]. The tumors comprise bland 
spindle cells arranged as interlacing fascicles and embedded 
in a collagenized stroma, comprising at least 95% of the total 
tumor area [307] (Figs. 12.56, 12.57, 12.58a–c, and 12.59a–

c). Tumor cell nuclei are slender with tapered edges and 
finely distributed chromatin [275]. Nuclear atypia is absent 
or mild. Scattered foci of more plump and polygonal (epithe-
lioid) cells with rounded nuclei, eosinophilic cytoplasm, and 
foci of glandular or squamous elements may be seen but 
should comprise <5% of the lesion [304, 306] (Figs. 12.57b, 
12.59c, and 12.60). Not infrequently, the epithelioid cells are 
arranged in a perivascular pattern (Fig. 12.59b) [297, 304]. 
Mitotic activity is absent to low (<2/10 HPF). The majority 
of tumors have a mild chronic inflammatory infiltrate 
admixed with the neoplastic spindle cells [306] (Fig. 12.58a–
c). It should be noted that these tumors demonstrate signifi-
cant intertumoral and even intratumoral variation in the 
degree of cellularity and amount of stromal collagen. Tumors 
with extensive collagenous stroma and scant spindle cells 

a b

c

Fig. 12.56 Fibromatosis-like metaplastic carcinoma. (a, b) Core nee-
dle biopsy demonstrates spindled tumor cells arranged in long fascicles 
mimicking fibromatosis. (c) On higher magnification, the spindled cells 

demonstrate pale eosinophilic cytoplasm and bland, slender nuclei with 
tapered edges, and finely distributed chromatin. Note the abundant stro-
mal collagen in the background
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a b

Fig. 12.57 Fibromatosis-like metaplastic carcinoma (FLMBC). (a, b) FLMBC showing higher cellularity and foci of epithelioid tumor cells with 
more rounded nuclei. Nuclear features are bland, and mitotic activity is low

a b

c d

Fig. 12.58 Fibromatosis-like metaplastic carcinoma (FLMBC). (a, b) 
This FLMBC shows extensive sclerotic and hypocellular stroma involv-
ing multiple core fragments, with peripheral inflammatory foci noted 
on low power. This case could easily be mistaken for a fibroinflamma-
tory process. (c) Higher magnification reveals the subtle presence of 

atypical spindle cells in association with the inflammatory lymphohis-
tiocytic infiltrates. Immunostains for (d) keratin AE1/AE3 and (e) p63 
highlight the infiltrative growth of the atypical spindle cells and confirm 
the diagnosis
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e

Fig. 12.58 (continued)

a b

c d

Fig. 12.59 Fibromatosis-like metaplastic carcinoma (FLMBC) mim-
icking scar tissue. (a) This FLMBC demonstrates low-power features 
suggestive of scar tissue. (b) High-power examination reveals abundant 
dense collagen with associated bland spindle cells and a mild inflamma-

tory infiltrate. (c) Rare single and small clusters of epithelioid cells with 
squamoid features are identified after thorough searching. (d) HMWCK 
(34βE12) immunostain highlights the neoplastic cells

Fig. 12.60 Fibromatosis-like metaplastic carcinoma (FLMBC) with 
squamous tumor cells. Small clusters of squamous cells are embedded 
within the spindle cell proliferation of this FLMBC. These squamous 
cells should comprise <5% of the tumor
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have been mistaken as a scar or fibroinflammatory process 
(Figs. 12.58 and 12.59).

 Immunohistochemistry
FLMBC are consistently p63 and cytokeratin positive, which 
is useful to establish the diagnosis (Figs.  12.58d, e and 
12.59d) [282, 302, 304, 308]. However, the immunoreactiv-
ity may be focal and sometimes largely restricted to areas 
with epithelioid cells. The spindle cells express vimentin and 
may be EMA or SMA positive [302]. Like other types of 
metaplastic carcinoma, FLMBC are triple negative for ER, 
PR, and HER2 [302, 306] (see additional discussion in sec-
tion “Spindle Cell Carcinoma” and Table 12.8 for immuno-
histochemical markers useful in the diagnosis of metaplastic 
carcinoma).

 Differential Diagnosis
FLMBC should always be considered in a breast core biopsy 
of a bland spindle cell proliferation. The differential diagno-
sis of FLMBC encompasses various bland spindle cell 
lesions, including scar, fibromatosis, nodular fasciitis, myo-
fibroblastoma, and inflammatory myofibroblastic tumor. 
These lesions can be all distinguished from FLMBC by lack 
of epithelioid clusters and cytokeratin and p63 expression 

[304]. CD34 shows strong positivity in myofibroblastoma 
but is negative in metaplastic carcinoma. Of note, aberrant 
nuclear staining for beta-catenin is characteristic of fibroma-
tosis but can also be observed in some metaplastic carcino-
mas and phyllodes tumors [309]. FLMBC should be 
distinguished from metaplastic spindle cell carcinoma, 
which is not associated with the same indolent clinical 
behavior as FLMBC.  Spindle cell carcinomas are higher 
grade tumors with moderate or marked nuclear pleomor-
phism and higher mitotic activity.

 Spindle Cell Carcinoma

 Microscopic Features
Spindle cell carcinomas are composed of atypical elongated 
to plump spindled cells arranged in cellular fascicular, her-
ringbone, fasciitis-like, vaguely storiform, or patternless 
growth patterns (Fig. 12.61a–d). The spindle cells can entrap 
native ducts and lobules or obliterate the normal breast archi-
tecture. Microcystic or pseudovascular spaces may occasion-
ally be seen and can mimic angiosarcoma. Nuclear 
pleomorphism is typically moderate or marked. The mitotic 
rate is variable, and markedly atypical mitotic figures are 
common in higher grade tumors [310]. The tumor cells may 
be focally more epithelioid or squamous, which can be a clue 
to the diagnosis. A chronic inflammatory infiltrate is often 
present, and scattered multinucleated osteoclast-like giant 
cells may be seen (Figs.  12.62, 12.63a, b, and 12.64a–d). 
Focal myxoid change or stromal hyalinization may be seen. 
Small foci of chondroid or osseous differentiation may also 
be present but should be focal. Most spindle cell carcinomas 
have infiltrative borders, but some may show a rounded 
pushing edge. DCIS may occasionally be seen in association 
with the invasive spindle cell component, which supports the 
epithelial nature of the tumor and can facilitate the diagnosis 
[311] (Fig. 12.65).

 Immunohistochemistry
Immunohistochemistry is essential to demonstrate epithelial 
differentiation of the spindle cells in spindle cell carcinoma, 
especially in cases lacking associated DCIS. A panel of epi-
thelial markers is recommended and should include broad 
spectrum keratins (MNF116, AE1/AE3), high-molecular- 
weight keratins (34βE12, CK5/6, CK14), and p63 [312] 
(Figs. 12.61e, f, 12.63c, d, and 12.64e). In general, the spin-
dle cells are more likely to express high-molecular-weight 
keratins, whereas luminal keratins (CAM5.2, CK7, CK19) 
are more often negative [302, 313]. It should be emphasized 
that no single keratin is consistently positive in metaplastic 

Table 12.8 Useful immunohistochemical markers in the diagnostic 
workup of spindle cell metaplastic carcinoma

Markers Utility and interpretation
CK (MNF116, 
AE1/3, 34βE12, 
CAM5.2, CK5/6, 
CK14, CK19)

Positive in metaplastic carcinoma, especially 
AE1/3 and MNF116 (~80%) and basal keratins 
(34βE12, CK5/6, CK14, CK19) (~70%); luminal 
keratins (CK7, CK8/18, CK19) less frequently 
positive (~30–60%)
May be positive in phyllodes tumorsa

p63 Positive in metaplastic carcinoma, especially 
FLMBC, but also other types
May be positive in phyllodes tumorsa, as well as 
benign and malignant mesenchymal tumors

CD34 Positive in fibroadenoma, phyllodes tumor, 
PASH, myofibroblastoma, angiosarcoma and 
dermatofibrosarcoma protuberans
Negative in metaplastic carcinoma, fibromatosis, 
and nodular fasciitis

β-Catenin Aberrant nuclear expression in fibromatosis, but 
not specific (also in some phyllodes tumors and 
metaplastic carcinomas)

SOX10 Sensitive marker for melanoma and nerve- 
sheath- derived tumors
May be positive in metaplastic carcinoma

Other markers Based on morphologic features and history: 
S100 protein, SOX10, HMB-45 (melanoma); 
SMA, desmin, myogenin (muscle tumor); RB 
loss (myofibroblastoma); ERG, CD31, MYC 
(vascular tumor), etc.

a CK and p63 reactivity, when detected in phyllodes tumors, is often 
focal
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c d

e f

Fig. 12.61 Spindle cell carcinoma. (a, b) Core needle biopsy of this 
breast mass reveals a hypercellular spindle cell neoplasm with a stori-
form growth pattern, moderate nuclear atypia, and scattered mitotic 
figures. (c, d) Other examples showing a more sarcomatoid appearance, 

featuring fascicles of spindled tumor cells with severe cytologic atypia. 
(e, f) Immunostains for keratins (in this case, MNF116) and p63 are 
helpful to confirm the epithelial nature of the spindle cells
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c

Fig. 12.62 Spindle cell carcinoma with prominent lymphoplasmacytic inflammation. (a–c) These two cases of spindle cell carcinoma show 
prominent associated lymphoplasmacytic infiltrates associated with the tumor cells

carcinoma. In addition, keratin positivity may be very focal 
[314]. Therefore, negative keratin staining in a core biopsy 
specimen does not exclude the diagnosis of metaplastic car-
cinoma. Immunohistochemical testing of multiple blocks of 
a surgical excision specimen may be required to reveal kera-
tin reactivity in some cases. P63 is a sensitive marker for 
metaplastic carcinoma but is not specific and can be expressed 
in a variety of benign and malignant mesenchymal lesions, 
notably including malignant phyllodes tumors, which are 
often high in the differential diagnosis, especially in a core 
biopsy [315–318] (see section “Differential Diagnosis”). In 
addition to p63, other markers expressed by myoepithelial 
cells, such as SOX10, SMA, S100 protein, CD10, and 
maspin, can also be positive in spindle cell (and other) meta-
plastic carcinomas, supporting the notion that some of these 
tumors have myoepithelial-like differentiation and are on a 
spectrum with myoepithelial carcinoma [302, 319].

Metaplastic carcinomas may exhibit aberrant nuclear 
staining for beta-catenin, a feature traditionally regarded as 

characteristic of fibromatosis [309]. GATA3 may also be 
positive in metaplastic carcinomas (~20–50%), including 
spindle cell carcinomas, with most positive cases showing 
weak staining [319–321]. A recent immunohistochemical 
study found overexpression of TRPS1, a GATA transcription 
factor and regulator of mammary epithelial cell growth and 
differentiation, in 86% of metaplastic carcinomas, including 
spindle cell carcinoma, SCC, and MCMD. Additional stud-
ies will be required to validate these results and their diag-
nostic utility [321]. CD34, a marker expressed in several 
mesenchymal tumors of the breast including phyllodes 
tumors, is typically negative in spindle cell carcinoma. 
Table 12.8 summarizes useful immunohistochemical mark-
ers that can be used in the diagnostic workup of spindle cell 
carcinoma.

Like other metaplastic carcinomas, spindle cell carcino-
mas are triple negative for ER, PR, and HER2. EGFR over-
expression is frequent, with EGFR gene amplification 
described in a subset of cases [322, 323].
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Fig. 12.63 Spindle cell carcinoma mimicking mastitis. (a) In this 
example, marked inflammatory infiltrates obscure the underlying neo-
plastic spindle cells and impart an appearance of mastitis on lower 
power evaluation. (b) Higher power magnification reveals the atypical 

spindle and epithelioid cells dispersed within the inflammation. (c, d) 
Broad spectrum cytokeratin antibody MNF116 and p63 demonstrate 
positive staining in the tumor cells, respectively. Note the lace-like pat-
tern of the numerous tumor cells highlighted by MNF116

 Differential Diagnosis
Despite a long list of differential diagnoses, metaplastic car-
cinoma is by far the most common spindle cell lesion of the 
breast (~45%), followed by phyllodes tumor, fibromatosis, 
and myofibroblastoma (each ~10%) [324]. Primary or meta-
static sarcomas, including angiosarcoma, must also be 
included in the differential, but these tumors are rare in the 
breast. Accordingly, metaplastic carcinoma with a spindle 
cell component should always be considered when encoun-
tering a spindle cell proliferation arising in the breast. 
Identification of associated DCIS or small squamous foci 
helps support the epithelial nature of the tumor to facilitate 
the diagnosis. Therefore, adequate tumor sampling with 
careful evaluation for DCIS or epithelioid/squamous foci is 
critical in an excision specimen. However, DCIS may be 
scant or absent and not sampled by core biopsy. A panel of 

immunohistochemical markers is often required to demon-
strate the epithelial nature of the spindle cells and establish 
the correct diagnosis (Table 12.8).

Distinction of spindle cell metaplastic carcinoma from 
malignant phyllodes tumor with stromal overgrowth is often 
problematic, especially in core biopsies. Like metaplastic 
carcinomas, the stromal cells of malignant phyllodes tumors 
can be p63 or keratin positive, although staining in phyl-
lodes tumors is usually focal [317, 318] (Fig. 12.66). The 
∆N p63 isoform p40 was suggested in one study to be more 
specific but less sensitive than p63 for the diagnosis of spin-
dle cell carcinoma, although this requires further validation 
[317]. Focal expression of keratin, p63, and/or p40 in a spin-
dle cell neoplasm of the breast therefore does not exclude 
phyllodes tumor, especially in a core biopsy specimen. 
CD34 may be helpful in this setting, as a subset of malig-
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c d

e

Fig. 12.64 Spindle cell carcinoma with giant cells. (a, b) Spindle cell 
carcinoma with osteoclastic-like giant cells. The tumor-associated giant 
cells demonstrate abundant eosinophilic cytoplasm and multiple small 
bland oval clustered nuclei, typical of osteoclastic-like giant cells. 

These cells are benign and are considered to belong to the histiocytic 
lineage. (c–e) In contrast, this spindle cell carcinoma is composed of 
markedly pleomorphic neoplastic epithelial cells, supported by positive 
keratin immunostain
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a b

Fig. 12.65 Conventional ductal carcinoma in situ (DCIS) associated with spindle cell carcinoma. (a, b) The presence of DCIS associated with a 
spindle cell neoplasm helps support a diagnosis of metaplastic carcinoma, even if immunohistochemical stains for keratin are negative

a b

c d

Fig. 12.66 Cytokeratin expression in a spindle cell neoplasm of the 
breast does not exclude phyllodes tumor. (a, c) This CNB demonstrates 
a spindle cell neoplasm with epithelioid features, including areas of 
cytoplasmic clearing and rounded hyperchromatic nuclei, but no glan-
dular or ductal component. (e) An immunostain for pancytokeratin is 
positive in <5% of the spindle cells. (b, d) Excision revealed a malig-

nant phyllodes tumor (b) with hypercellular areas of characteristic leaf- 
like growth, as well as (d) abundant stromal overgrowth. Note the 
presence of a residual hyalinized fibroepithelial area at the right of the 
image. (f) Immunohistochemistry also revealed focal (<5%) cytokera-
tin positivity of the phyllodes tumor stromal cells in the excision 
specimen
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nant phyllodes tumors express this marker, which is nega-
tive in spindle cell carcinoma [313, 325]. Strong and diffuse 
keratin and p63 staining favors spindle cell carcinoma. Con-
versely, negative staining p63 and keratin staining in a core 
biopsy does not exclude metaplastic carcinoma, as expres-
sion can be focal (see also Chap. 7, sections “Phyllodes 
Tumor—Immunohistochemistry” and “Differential Diagno-
sis”). In the absence of histologic or immunophenotypic 
evidence for epithelial differentiation, it may not be possible 
to differentiate metaplastic carcinoma from phyllodes tumor 
or sarcoma on core biopsy. In such cases, a descriptive diag-
nosis such as “atypical spindle cell proliferation” or “spin-
dle cell neoplasm” should be rendered, with recommendation 
for surgical excision. Indeed, unless epithelial differentia-
tion is obvious and/or keratin immunopositivity is diffuse, a 
spindle cell neoplasm in the breast should be excised for 
definitive classification. In challenging cases, targeted 
sequencing could be useful in distinguishing metaplastic 
carcinoma from malignant PT. Specifically, the identifica-
tion of a hotspot MED12 mutation would confirm a fibro-
epithelial tumor and essentially exclude metaplastic 
carcinoma [282, 311, 326–332].

 Squamous Cell Carcinoma

Primary squamous cell carcinoma (SCC) of the breast is a 
rare type of metaplastic carcinoma, accounting for <0.1% of 
all breast tumors [333, 334]. Pure SCC is almost entirely 
(>90%) composed of squamous cell carcinoma [335], but 
SCC may also be mixed with other types of metaplastic car-
cinoma, most commonly with a spindle cell pattern, or with 
IBC-NST, the latter of which is classified as high-grade ade-

nosquamous carcinoma. Primary cutaneous or metastatic 
SCC must be excluded prior to making a diagnosis of meta-
plastic SCC.

The etiology of metaplastic SCC is not known. It has 
been hypothesized that these tumors can arise from squa-
mous metaplasia associated with either benign breast lesions 
or ductal carcinoma [336–339]. Rare SCC have been identi-
fied in association with inflammatory lesions, such as 
abscesses, chronic cysts, chronic mastitis, or implant cap-
sules, suggesting that chronic inflammation may be a con-
tributing factor to tumor development in some cases [337, 
338, 340–343].

 Microscopic Features
SCC of the breast can present with various histomorpho-
logic patterns of the invasive squamous cells, including 
keratinizing, non-keratinizing, cystic, papillary, clear cell, 
and acantholytic [344]. In most cases, the squamous cells 
are keratinized with eosinophilic glassy cytoplasm, inter-
cellular bridges, and keratin debris accompanied by necro-
sis, desmoplastic stromal reaction, and prominent 
inflammation (Figs. 12.67a–c and 12.68). Cystic degenera-
tion is common, with portions of the tumor composed of 
squamous lined cysts with variable nuclear pleomorphism 
[345] (Fig. 12.69). Acantholytic change in SCC is charac-
terized by the presence of vascular like channels and pseu-
doglandular structures that can mimic angiosarcoma [344, 
346]. The following pathological criteria are required to 
establish a diagnosis of metaplastic SCC of the breast: (1) 
the tumor is not derived from the overlying skin or nipple; 
(2) the infiltrative component is predominantly (>90%) of 
squamous type; (3) no other invasive neoplastic elements 
(ductal, mesenchymal, or other) are present in significant 

e f

Fig. 12.66 (continued)
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Fig. 12.67 Metaplastic squamous cell carcinoma. (a) This metaplastic 
carcinoma demonstrates infiltrating nests of squamous carcinoma cells 
with well-developed cytoplasmic keratinization. (b) Associated carci-
noma in situ in this case also shows prominent squamous differentia-
tion. (c) Another case of metaplastic SCC showing clusters of 

pleomorphic squamous cells, characterized by well-defined cell borders 
and glassy eosinophilic cytoplasm indicative of keratinization. (d) An 
immunostain for CK5/6 shows strong and diffuse positivity in the 
tumor cells

a b

Fig. 12.68 Metaplastic squamous cell carcinoma. (a, b) Another example of metaplastic SCC showing keratin pearl formation. Note the presence 
of intercellular bridges in the malignant squamous cells surrounding the keratin pearls on high magnification
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Fig. 12.69 Metaplastic squamous cell carcinoma with cystic degener-
ation. (a) CNB of this metaplastic SCC demonstrates foci of cystic 
degeneration, which may mimic sampling of an epidermal inclusion 

cyst. (b) Higher magnification illustrates distinct cytologic atypia, 
mitotic figures, and apoptotic cells

amounts (<10% total) after thorough sampling; and (4) 
metastatic SCC from another primary site has been 
excluded [337, 344].

 Immunohistochemistry
The diagnosis of SCC is established primarily based on the 
cytologic features of squamous differentiation and not by 
immunohistochemical staining, although the latter can help 
support the diagnosis. SCC express basal keratins (CK5/6, 
CK14), p63, and p40 (Fig. 12.67d). These tumors are usually 
triple negative for ER, PR, and HER2, although, like other 
metaplastic carcinoma types, some SCC may be ER or HER2 
positive [302, 311, 335, 347]. EGFR is frequently expressed 
[302, 335].

 Differential Diagnosis
High-grade invasive ductal carcinomas, particularly those 
with abundant eosinophilic cytoplasm, may exhibit cytologic 
features suggestive of SCC.  Strict morphologic criteria 
should be adopted when assessing a carcinoma for squamous 
differentiation. These include well-developed intercellular 
bridges, unequivocal keratinized cells, or squamous pearls. 
Necrotic and degenerating cells can mimic keratinized cells, 
as both may have hyperchromatic pyknotic nuclei and dense 
eosinophilic cytoplasm. The presence of perinuclear halos 
can help favor keratinized cells. Immunohistochemistry may 
not be helpful, because reactivity to CK5/6, p63, and p40 is 
not specific for SCC but is also noted in basal-like triple- 
negative IDC-NST.

Diagnosis of metaplastic SCC requires exclusion of cuta-
neous or metastatic SCC. In the absence of associated DCIS 
or overlying skin with dysplasia, this distinction can usually 
not be made based on histologic review of a core biopsy 
specimen alone and requires correlation with clinical history 
and tumor location (deep versus superficial).

Mucoepidermoid carcinoma (MEC) of the breast may also 
be mistaken for SCC. In contrast to SCC, MEC is composed 
of a mixture of intermediate, epidermoid, and mucinous cells 
(Figs.  12.28 and 12.70a–c). Focal squamous differentiation 
may be observed in the epidermoid cells. However, true kera-
tinization with formation of squamous pearls excludes the 
diagnosis of MEC and favors SCC. Immunohistochemistry of 
MEC demonstrates a “zoning phenomenon,” in which high-
molecular-weight keratin (such as CK14) highlights the inter-
mediate and epidermoid cells at the periphery of the tumor 
nests and cysts, and low- molecular- weight keratin (such as 
CAM5.2) decorates mucinous cells in the central regions of 
the nests [348] (Fig. 12.30). This unique staining pattern is 
not seen in SCC. Immunohistochemical stain p63 shows dif-
ferential expression in the various components of MEC, with 
consistent expression in the intermediate cells, variable reac-
tivity in epidermoid cells, and lack of expression in the muci-
nous areas (Figs. 12.28 and 12.70d). Intra- and extracellular 
mucin is PASD and mucicarmine positive, which can also be 
helpful in the differential diagnosis with SCC, which is PASD 
and mucicarmine negative (Figs. 12.27b and 12.70e). In con-
trast to SCC, MEC harbors MAML2 rearrangement [100, 105, 
111, 112] (see also section “Mucoepidermoid Carcinoma” in 
this chapter).
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Fig. 12.70 Mucoepidermoid carcinoma of the breast, core needle 
biopsy. (a, b) This MEC shows a predominantly nested growth pattern 
with admixed microcystic spaces. (c) Higher magnification reveals the 
presence of epidermoid, intermediate, and mucinous tumor cells, which 

is diagnostic. (d) Immunohistochemistry for p63 is positive in the inter-
mediate and epidermoid cells, whereas the mucinous cells are p63 
negative. (e) In contrast, mucicarmine stain highlights the mucinous 
cells
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 Metaplastic Carcinoma with Heterologous 
Mesenchymal Differentiation

 Microscopic Features
MCMD are invasive carcinomas composed of heterologous 
mesenchymal-like elements often admixed with carcinoma-
tous areas. The mesenchymal-like component is often chon-
droid (Figs.  12.71, 12.72, 12.73, and 12.74), osseous 
(Fig.  12.75), or less frequently rhabdomyoid (Fig.  12.76), 
and the carcinomatous component is typically akin to mod-
erately or poorly differentiated IDC-NST or squamous. The 
mesenchymal component may appear differentiated or 
frankly malignant, resembling chondrosarcoma and osteo-
sarcoma of soft tissue [280]. Wargotz and Norris originally 
described a group of “matrix-producing carcinomas,” which 
are characterized by direct transition from ductal carcinoma 

to areas with cartilaginous or osseous matrix deposition, 
without an intervening spindle cell component [349] 
(Figs. 12.71 and 12.74). Matrix-producing carcinomas with 
chondroid differentiation tend to have circumscribed borders 
and large areas of central necrosis, with viable tumor cells 
concentrated near the peripheral rim of the tumor (Fig. 12.71). 
The stromal matrix, which can range from chondroid to 
chondromyxoid, is composed of acid mucopolysaccharides 
that stain metachromatically with Alcian blue and aldehyde 
fuchsin and are resistant to hyaluronidase and diastase diges-
tion. A conventional adenocarcinoma component is often 
present to variable extent, but in some cases extensive sam-
pling may be required to identify these areas, which help to 
differentiate these tumors from soft tissue chondrosarcoma 
or osteosarcoma. Associated DCIS is identified in a subset of 
cases, and when present, can be of NST or rarely show lumi-

a b

c d

Fig. 12.71 Metaplastic carcinoma with heterologous mesenchymal 
(chondroid) differentiation, matrix-producing carcinoma. (a, c) On 
CNB, the chondroid matrix of this metaplastic carcinoma is obvious at 
low magnification, with increased cellularity noted at the tumor periph-
ery and other areas being hypocellular and necrotic. (b) On excision, 

these tumors are often relatively well circumscribed at low power, with 
large areas of central necrosis and the bulk of tumor cellularity concen-
trated at the tumor periphery. (d) High-power evaluation reveals moder-
ate cytologic atypia and scattered mitotic figures
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a b

c d

Fig. 12.72 Metaplastic carcinoma with heterologous mesenchymal 
(chondroid) differentiation. (a, b) On CNB, an area of hypocellular 
chondroid matrix is appreciated adjacent to a focal hypercellular spin-
dle cell area. (c) The chondroid area is distinctly hypocellular with 
well-formed lacunae but no significant cytologic atypia. (d) In contrast, 

higher magnification of the hypercellular focus reveals malignant spin-
dle cells with moderate nuclear atypia and prominent mitotic activity 
within myxoid stroma. Focal spindle cells are allowable in a tumor that 
otherwise meets criteria for matrix-producing carcinoma

nal matrix secretion (Fig.  12.77). Metaplastic carcinomas 
with chondroid differentiation can arise in association with 
microglandular adenosis [25, 350–352].

 Immunohistochemistry
As for other metaplastic carcinomas, immunohistochemistry 
is essential to demonstrate epithelial differentiation of 
MCMD, especially in cases lacking a histologically recog-
nizable invasive carcinomatous/ductal component or 
 associated DCIS.  A panel of epithelial markers including 
broad spectrum keratins (MNF116, AE1/AE3), high-
molecular- weight keratins (34βE12, CK5/6, CK14), luminal 
keratins (CAM5.2, CK7), and p63 is suggested, as it is not 
possible to predict which marker(s) will be positive and 

staining may be focal. Keratin and p63 may be positive in 
epithelial and/or spindle cell components. MCMD may also 
express myoepithelial markers in addition to p63, such as 
SMA, CD10, SOX10, and S100 protein [302, 319] 
(Figs. 12.75d, e and 12.78). Like other metaplastic carcino-
mas, these tumors are usually triple negative for ER, PR, and 
HER2. EGFR can be positive in a subset [302].

 Differential Diagnosis
MCMD should be distinguished from other lesions that have 
chondroid or osseous matrix. On the malignant end of the 
spectrum, this includes malignant phyllodes tumor with het-
erologous differentiation and primary or metastatic sarcoma 
(chondrosarcoma or osteosarcoma). In the absence of a 
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a b

c

Fig. 12.73 Metaplastic carcinoma with heterologous mesenchymal 
(chondroid) differentiation. (a–c) On CNB, metaplastic carcinoma with 
chondroid differentiation and high-grade cytologic features may be 

indistinguishable from primary or metastatic soft tissue chondrosar-
coma. Keratin immunopositivity or the presence of a diagnostic epithe-
lial component can make this distinction (not shown)

a b

Fig. 12.74 Metaplastic carcinoma with heterologous mesenchymal (chondroid) differentiation. (a, b) Another example of chondroid matrix- 
producing carcinoma with prominent cytological atypia on core needle biopsy
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a b

c d

e

Fig. 12.75 Metaplastic carcinoma with heterologous mesenchymal 
(osseous) differentiation. (a, b) This metaplastic carcinoma shows areas 
of malignant spindle cells admixed with areas of osteoid and bone for-
mation. (c) Another example of metaplastic carcinoma with osseous 

differentiation. Positive immunohistochemistry for (d) keratins (in this 
case CK14) and/or (e) p63 is useful in such cases to support the epithe-
lial nature of the malignant tumor cells
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a b

c d

Fig. 12.76 Metaplastic carcinoma with rhabdomyoid differentiation. 
(a) This metaplastic carcinoma shows an abrupt transition between 
areas of cohesive epithelioid carcinoma cells (upper right) and disco-
hesive spindled tumor cells. (b) Higher magnification reveals pleo-
morphic spindled tumor cells with rhabdoid features, including 
prominent eosinophilic cytoplasm and eccentrically located nuclei. 

(c) Immunohistochemistry for desmin is positive in the spindled 
tumor cells, further supporting the muscle phenotype. The spindle 
cells are also positive for myogenin (not shown). (d) In contrast, 
immunohistochemistry for p63 is diffusely positive in the epithelioid 
cells but only decorates rare spindled tumor cells

a b

Fig. 12.77 Ductal carcinoma in situ with chondromyxoid features. (a) The in situ component of this carcinoma shows chondromyxoid features 
similar to that of (b) the associated matrix-producing carcinoma
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c d

e f

Fig. 12.78 Immunohistochemistry of metaplastic carcinoma with het-
erologous chondroid differentiation. (a) Immunohistochemistry of this 
metaplastic carcinoma shows positive staining of the chondroid matrix- 
associated tumor cells for (b) keratin AE1/AE3 and (c) patchy staining 

for p63, whereas (d) low-molecular-weight keratin CAM5.2 is nega-
tive. Metaplastic carcinoma, especially those with chondroid differen-
tiation, often demonstrate expression of (e) S100 protein and (f) SOX10
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 conventional invasive carcinoma component or DCIS, the 
distinction from malignant phyllodes tumor rests on the 
identification of an associated benign epithelial component 
with intracanalicular architecture or embedded elongated 
and compressed ducts in phyllodes tumor, which may be 
absent in a core biopsy. A panel of immunohistochemical 
stains for keratins, p63, and CD34 may be useful, with the 
caveat that some phyllodes tumors can express keratins and 
p63 and may be CD34 negative (see sections “Spindle Cell 
Carcinoma” and “Differential Diagnosis,” and Chap. 7, sec-
tion “Phyllodes Tumor—Immunohistochemistry” and 
“Differential Diagnosis”) [313, 317, 318, 325]. 
Chondrosarcoma or osteosarcoma, either primary or 
 metastatic to the breast, is exceedingly rare and is a diagnosis 
of exclusion which can only be made after extensive tumor 
sampling and thorough immunohistochemical workup to 
exclude epithelial differentiation, as well as review of the 
clinical history.

MCMD with loose chondromyxoid matrix may also be 
confused with mucinous carcinoma in small biopsy speci-
mens. Mucinous carcinomas do not show large areas of zonal 
necrosis, and the neoplastic cells usually exhibit less cyto-
logic atypia and are more evenly distributed throughout the 
mucin. In addition, mucinous carcinomas are strongly posi-
tive for ER and luminal cytokeratins, whereas metaplastic 
carcinoma is ER negative.

Benign entities with chondromyxoid matrix are in the dif-
ferential diagnosis on limited core biopsy material, including 
sclerosing papilloma with chondroid metaplasia and pleo-

morphic adenoma (Figs. 12.79 and 12.80a, b). In comparison 
to metaplastic carcinomas, pleomorphic adenomas lack 
necrosis and consist of biphasic epithelial and myoepithelial 
cells with bland cytology and no to rare mitotic figures 
(Fig. 12.80a–d).

Fig. 12.79 Sclerosing papilloma with chondroid stroma. Chondroid 
metaplasia involving a sclerosed papilloma may raise the differential 
diagnosis of metaplastic carcinoma with chondroid differentiation. This 
may be especially challenging on core needle biopsy. The presence of 
associated sclerosed benign epithelial elements, lack of cytologic 
atypia, hypocellularity, and overall circumscription can be useful to 
make the distinction

a b

Fig. 12.80 Metaplastic carcinoma with heterologous chondroid dif-
ferentiation versus pleomorphic adenoma. The distinction of these 
lesions can be challenging, especially on limited core needle biopsy 
material. (a) Low-power view of pleomorphic adenoma shows a well- 
circumscribed lobulated nodule composed of chondromyxoid matrix 
with associated cellular proliferation and without areas of necrosis. 
Note the benign breast lobule in the upper left corner. (b) High-power 

magnification reveals the characteristic biphasic tubule-forming epithe-
lial and admixed myoepithelial proliferation, each with bland cytology 
and lack of mitotic activity. (c) In contrast, metaplastic carcinoma with 
heterologous chondroid differentiation displays central necrosis (right) 
with subtle infiltrative growth (left) into fat. (d) On high power, the cells 
are more atypical with larger hyperchromatic nuclei and scattered 
mitoses
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 Mixed Metaplastic Carcinomas

A significant proportion of metaplastic carcinomas harbor a 
mixture of different metaplastic elements or metaplastic ele-
ments with conventional carcinoma (Fig. 12.81). These cases 
are classified as mixed metaplastic carcinoma. Each of the 
various components present should be recorded in the pathol-
ogy report [275].

 Pathogenesis and Risk Factors

The cell of origin of metaplastic carcinomas is unknown. It 
has been postulated that this heterogeneous group of tumors 
may develop from dedifferentiation events later during carci-
nogenesis, rather than malignant transformation of a particu-
lar cancer stem cell [353]. Regardless, genetic studies have 
confirmed a shared monoclonal origin of the various heter-
ologous and conventional carcinomatous components, as 
well as associated DCIS [311, 354–358]. Metaplastic carci-
nomas show stem cell-like features, with enrichment for 
markers of tumor-initiating cells (ALDH1, CD44+/CD42−/

low) and characteristics of epithelial-mesenchymal transition 
(EMT), such as increased expression of vimentin and 
E-cadherin repressors (ZEB1, SLUG, TWIST) and decreased 
cell-cell adhesion proteins, including E-cadherin and clau-
dins [359–361]. Consistent with this, these tumors generally 
cluster with the basal-like and claudin-low intrinsic gene 
expression subgroups, the latter of which is enriched for 
EMT and cancer stem cell-like features [360–364]. The stem 
cell-like and EMT features of metaplastic carcinomas may 
explain their relative chemoresistance [365]. Transcriptomic 
heterogeneity between morphological types has been 

described, with spindle cell carcinomas being claudin- low, 
and SCC and metaplastic carcinomas with chondroid differ-
entiation being enriched for basal-like profiles. Using the 
TNBC gene expression classifier, metaplastic carcinomas 
with chondroid differentiation were all mesenchymal- like, 
whereas other types showed variable or unstable phenotypes 
[366].

Genetic studies have begun to elucidate the mutational 
landscape of metaplastic carcinomas. As a group (excluding 
LGASC and FLMBC), these tumors are enriched for muta-
tions in TP53, PI-3 K pathway (PIK3CA, PIK3R1, PTEN), 
MAPK pathway (KRAS, HRAS, NF1), and Wnt pathway 
(FAT1, CCN6) genes, as well as TERT promoter. Chromatin 
remodeling genes are also frequently mutated (ARID1A, 
KMT2C, KMT2D) [282, 311, 331, 363, 367–370]. 
Metaplastic carcinomas and associated DCIS share identical 
sets of mutations, including in PI-3  K (PIK3CA, PIK3R1, 
AKT1, PTEN) and MAPK (KRAS, HRAS) pathway genes, 
highlighting an early role for these pathways in tumor devel-
opment [311]. Overall, mutations in PI-3  K (PIK3CA, 
PIK3R1, PTEN) and MAPK (NF1, HRAS, KRAS) pathway 
genes are significantly more frequent in metaplastic carcino-
mas compared to other TNBC [311, 331]. However, differ-
ences in the mutational repertoire have been identified in 
morphologic types. Metaplastic carcinomas with chondroid 
differentiation (matrix-producing carcinomas) lack PIK3CA 
mutations, which are enriched in carcinomas with spindle 
cell and/or squamous differentiation [311, 331]. Similarly, 
TERT promoter mutations were found to be enriched in spin-
dle cell carcinomas, SCC, and mixed metaplastic carcinomas 
with spindle and squamous differentiation, but absent in 
matrix-producing carcinomas [311]. TP53 mutations appear 
to be less common in spindle cell carcinomas compared to 

c d

Fig. 12.80 (continued)
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a b

c

Fig. 12.81 Mixed metaplastic carcinoma with chondroid, squamous and spindle cell differentiation. (a–c) This metaplastic carcinoma shows 
mixed differentiation, with admixed chondroid and squamous differentiation and adjacent spindle cell areas

the other groups [311, 371]. Aside from LGASC and 
FLMBC, metaplastic carcinomas have complex genomes, 
including a subset with chromosomal alterations characteris-
tically associated with BRCA1/2 inactivation (BRCAness) 
[311, 331, 360, 366].

Case reports of metaplastic carcinoma arising in patients 
with neurofibromatosis suggest a possible, albeit rare, asso-
ciation [372–374]. Loss of heterozygosity at the variant 
germline NF1 allele was described in one case arising in a 
41-year-old woman [372].

The molecular features of low-grade metaplastic carcino-
mas (LGASC and FLMBC) have been characterized in less 
detail than high-grade metaplastic carcinomas. LGASC are 
basal-like carcinomas by surrogate immunohistochemical pro-
filing (triple negative, CK5/6/14/17 positive, EGFR positive) 
[295, 299]. These tumors frequently have hotspot PIK3CA 
mutations and lack TP53 mutations [295]. Chromosomal copy 
number analysis revealed a simple genome with few gains and 
losses in one tumor and a firestorm pattern with EGFR ampli-

fication in another [299]. Case reports describe rare LGASC 
arising in a patient with germline BRCA1 mutation [375] and in 
another with germline BRIP1 mutation [376], although genetic 
analysis of the tumors was not performed. It has been postu-
lated that LGASC arise from adenosquamous proliferations 
associated with radial sclerosing lesions, which could explain 
the histologic association of these entities. Like LGASC, ade-
nosquamous proliferations have been found to be clonal with 
PIK3CA mutations [303].

FLMBC are basal-like carcinomas with a claudin-low 
phenotype by immunohistochemistry, exhibiting low expres-
sion of adhesion molecules, a tumor-initiating cell phenotype 
(CD44+/CD24-), and features of EMT (vimentin expression 
with lack of E-cadherin) [307]. A limited number of tumors 
have been analyzed genetically. PIK3CA and TERT promoter 
hotspot mutations were each identified in three of four tumors 
analyzed by targeted DNA sequencing, akin to metaplastic 
spindle cell carcinomas [377]. Chromosomal copy number 
analysis of three tumors identified very few alterations, with 
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9p21.3 loss (including CDKN2A, which encodes p16) identi-
fied in two of the cases [378].

 Prognosis and Clinical Management

With the exception of LGASC and FLMBC, metaplastic car-
cinomas are aggressive tumors with 3-year, 5-year, and 
10-year survival rates of approximately 77%, 62%, and 53%, 
respectively [276, 277, 379, 380]. Outcome analyses have 
been overall limited by retrospective study design with selec-
tion bias, population-based or local studies without central 
pathology review, and lack of matching for stage in some 
cases. Nonetheless, patient outcomes are generally consid-
ered to be worse for metaplastic carcinoma than for other 
TNBC, with increased local recurrence risk and shorter 
disease- free and overall survival in the former, despite low 
rates of nodal involvement [279, 283, 310, 381–383]. On the 
other hand, metaplastic carcinomas tend to present with 
higher stage than IDC-NST [276, 278, 283, 379], and a large 
multi-institutional study found similar outcomes to IDC- 
NST matched for age, grade, ER, and HER2 status if analy-
sis was limited to early stage (pT1/pT2) tumors [279]. Others 
have found similar results [384–386]. Distant metastases are 
common, even in the absence of nodal metastasis [278, 283, 
381, 383, 387], with brain and lung being frequent sites.

Regarding conventional breast cancer prognostic factors 
in metaplastic carcinoma, inferior outcomes have been asso-
ciated with older patient age [276, 278, 382, 388], nodal 
involvement, [278, 279, 383, 387, 388], lymphovascular 
invasion [279], and large tumor size [278, 282, 379, 389, 
390]. Others have found no prognostic association with 
tumor size [279]. In a population-based study using SEER 
data, there were no differences in 5-year survival between 
hormone receptor positive and negative metaplastic carci-
noma [277]. HER2-positive metaplastic carcinomas may 
have more favorable outcomes than triple-negative metaplas-
tic carcinomas [276].

Intriguingly, there are data to suggest that different mor-
phologic types of metaplastic carcinoma may have different 
outcomes. Mixed metaplastic carcinomas have been associ-
ated with worse outcomes compared to other morphologic 
types in several studies [279, 282, 388, 389]. In a large inter-
national consortium study of metaplastic carcinomas 
(AP-MBC), mixed metaplastic carcinomas and spindle cell 
carcinomas had worse 10-year breast cancer-specific sur-
vival (BCSS) than SCC. Moreover, mixed metaplastic carci-
nomas with more than three morphological components had 
worse outcomes than those with only two or three compo-
nents [282]. Accordingly, the number and percentage of 
morphologic components in a metaplastic carcinoma should 
be reported by the pathologist [275]. In another interna-
tional study, Rakha et al. observed longest BCSS for patients 

with matrix-producing carcinomas, and shortest BCSS for 
those with spindle cell carcinomas or mixed spindle and 
squamous cell carcinomas. These associations were main-
tained even after exclusion of locally advanced tumors 
[279]. In contrast to these studies, others have found no sig-
nificant associations between morphologic type and out-
come [383, 388]. EGFR overexpression and lack of keratin 
expression (CK AE1/3) have been correlated with poor out-
comes [282]. The prognostic significance of histologic 
grade is uncertain [275, 279, 282].

There are no specific NCCN guidelines for the treatment 
of metaplastic carcinoma, and these tumors are in general 
treated like other IBC-NST/TNBC [391]. Chemotherapy is 
routinely offered, although metaplastic carcinomas appear to 
have poor responses [262, 275, 278, 333, 335, 379, 383, 385, 
386, 388, 389, 392–396]. Response rates to neoadjuvant che-
motherapy are low, with complete pathologic responses of 
0–17% across studies [262, 335, 379, 383, 386, 388, 389, 
396]. There is evidence to suggest that matrix-producing car-
cinomas may achieve better responses to neoadjuvant che-
motherapy than other types [388, 396]. Radiation therapy 
may provide survival benefit for patients undergoing breast- 
conserving surgery and for high-risk patients with large 
(>5 cm) tumors or extensive nodal disease [277, 278, 380, 
390, 395, 397, 398].

Given the high rate of PI-3K pathway aberrations in meta-
plastic carcinomas, these patients are potential candidates for 
PIK3CA or mTOR inhibitors. In a study of 52 women with 
advanced metaplastic carcinoma, a 21% objective response 
rate was reported for a regimen consisting of the mTOR 
inhibitors temsirolimus or everolimus in combination with 
doxorubicin and bevacizumab. PIK3CA mutations were sig-
nificantly associated with improved objective response rate 
(31 versus 0%) but not clinical benefit rate [399]. Patients 
with metaplastic carcinoma treated with this regimen had 
better long-term outcomes compared to patients with TNBC 
treated with the same regimen [399]. Given the high rate of 
homologous recombination repair deficiency signatures in 
metaplastic carcinomas [400], one could postulate that these 
patients may benefit from PARP inhibitor therapy [397].

Variable PD-L1 tumor cell and immune cell expression 
has been reported in metaplastic carcinomas, with staining 
being more frequent than in other TNBC [367, 401–404]. In 
one study, positive PD-L1 expression was observed in 95% 
of metaplastic carcinomas using the FDA-approved SP142 
antibody and scoring criteria used in the Impassion130 trial 
(≥1% immune cell staining), which is significantly higher 
than the positivity of TNBC in the trial (41%) [404, 405]. 
These findings suggest that most advanced metaplastic carci-
nomas are potentially eligible for anti-PD-L1 therapy. 
Indeed, case reports have described durable responses to 
Pembrolizumab (anti-PD-1)/nab-paclitaxel and durvalumab 
(anti-PD-L1)/paclitaxel in metaplastic spindle cell carci-
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noma and metaplastic carcinoma with squamous elements, 
respectively [406, 407].

FLMBC and LGASC are low-grade metaplastic carci-
noma subtypes that are recognized to have more indolent 
clinical behavior with overall favorable prognosis [293, 297]. 
The incidence of nodal or distant metastasis is extremely 
low. However, both FLMBC and LGASC exhibit potentially 
locally aggressive behavior with high risk of recurrence. 
Accordingly, these tumors are generally treated by excision 
to clear margins. The role of chemotherapy is undetermined. 
The NCCN guidelines note that limited data support local 
excision only for these tumors, with consideration of sys-
temic or targeted therapy only in node-positive disease [391].

 Invasive Breast Carcinoma with Medullary 
Pattern

 Overview and Clinical Presentation

Medullary carcinoma of the breast (MC) was previously 
described as a rare subtype of breast cancer with distinct 
morphology and favorable prognosis, despite its high-grade 
histopathologic features and often triple-negative immuno-
phenotype. However, classification was notoriously compli-
cated by poor interobserver and intraobserver diagnostic 
reproducibility [408–414]. MC and related tumors have 
undergone multiple rounds of reclassification over the years. 
In the first formal definition of MC in 1945, Moore and Foote 
described a unique tumor with well-circumscribed borders, 
poorly differentiated cells, and a prominent lymphoid infil-
trate [415]. Based on strict diagnostic criteria initially pro-
posed by Ridolfi et  al. that correlated with favorable 
outcomes, the first three editions of the WHO classification 
included MC as a breast cancer subtype with circumscribed 
borders, syncytial architecture, pleomorphic nuclei, and a 
prominent lymphoplasmacytic inflammatory infiltrate [408]. 
In recognition of the poor reproducibility of the diagnosis 
and challenges in consistent reporting, the fourth edition 
introduced the category of “carcinomas with medullary fea-
tures” to include MC, atypical medullary carcinomas (AMC), 
and a subset of IDC-NST [416]. However, aside from poor 
diagnostic reproducibility, these tumors as a group were 
found to show broad histopathologic overlap with basal-like 
carcinomas and carcinomas arising in BRCA1 carriers. In 
addition, it has been recognized that the favorable prognosis 
of MC and other invasive carcinomas not meeting strict MC 
criteria is likely explained by the presence of large numbers 
of tumor infiltrating lymphocytes (TILs), which is associated 
with better outcomes in TNBC [275, 417–421]. This recog-
nition has reduced the necessity of diagnostically differenti-
ating these tumors. Accordingly, invasive carcinomas with 
medullary features are considered in the fifth edition to rep-

resent one end of the histopathologic spectrum of TIL-rich 
IBC-NST and classified as a morphologic pattern, rather 
than a separate subtype [422]. A descriptive modifier indicat-
ing the medullary pattern or basal-like features should be 
included with the diagnosis.

Invasive carcinomas meeting the previous criteria for MC 
are rare and account for <1% of invasive breast cancers. A 
higher prevalence can be expected if other invasive carcino-
mas with medullary pattern are included (up to 7% in some 
studies) [423–427]. The average age at presentation typically 
ranges from 45 to 54 years across various series, although 
patients tend to be relatively younger compared to those with 
other invasive breast carcinomas, with one study showing 
higher numbers of patients with MC in the 35  years or 
younger group [409, 412, 415, 426, 428–431]. These tumors 
are rare in men [424].

The clinical presentation is similar to other IBC-NST, 
with most tumors presenting as a palpable mass. Average 
size of tumors previously classified as MC ranged from 2 to 
3.2 cm [409, 411, 424, 431, 432]. Ipsilateral lymphadenopa-
thy is not uncommon and is reactive in many cases [433].

 Gross and Radiologic Features

Grossly, invasive carcinomas with medullary pattern are 
well-circumscribed, soft to moderately firm tumors, and may 
show a characteristic shiny, pearly white appearance that 
bulges above the cut surfaces [434]. Foci of hemorrhage or 
necrosis may be present, the latter of which may cause cystic 
degeneration. Prominent cystic degeneration is seen usually 
in larger tumors [221]. Some tumors may be poorly circum-
scribed, due to irregular extension of the inflammatory infil-
trate beyond the margins of tumor [408].

On mammography, invasive carcinomas with medullary 
pattern are well circumscribed round, oval, or lobulated with 
smooth borders and without calcifications. Ultrasound shows 
a well-circumscribed hypoechoic mass. Given their circum-
scription, these tumors may be mistaken radiographically for 
fibroadenomas [435]. On MRI, invasive carcinomas with 
medullary pattern are also round or lobular with well- 
circumscribed smooth margins. Peripheral rim enhancement 
with or without enhancing internal septations is often noted 
[436, 437].

 Microscopic Features

Histologic features of invasive carcinoma with medullary pattern 
include circumscribed tumor borders, syncytial growth, high 
Nottingham/SBR grade, and a prominent lymphoplasmacytic 
inflammatory infiltrate, features which overlap with basal-like 
carcinomas and carcinomas associated with BRCA1 mutations.
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Although the WHO no longer classifies tumors as MC, 
AMC, or invasive carcinomas with medullary features, the 
previously used diagnostic criteria for these tumors are 
included here for reference and context. Ridolfi et al. defined 
MC as an invasive carcinoma with a well-circumscribed 
rounded tumor border without infiltration into adjacent tis-
sue, >75% syncytial growth, associated moderate to marked 
diffuse lymphocytic infiltrate, intermediate or high nuclear 
grade, absence of glandular features, and lack of an intra-
ductal component (Figs.  12.82, 12.83, 12.84, and 12.85). 
AMC referred to tumors with at least 75% syncytial growth 
but lacking one or two of the other features, and non- 
medullary carcinomas lacked at least 75% syncytial growth 
or three or more medullary features [408]. Using the Ridolfi 
classification, studies showed 10-year MC survival rates of 
84–95%, compared to 53–80% for AMC and 51–70% for 

non-medullary carcinomas [408, 424, 438]. Tumors classi-
fied as AMC only due to the presence of an intraductal com-
ponent had outcomes similar to MC [408]. Wargotz and 
Silverberg used similar criteria but allowed for intraductal 
carcinoma, focal marginal infiltration, or a sparse lympho-
cytic infiltrate and observed similarly favorable outcome for 
MC [409]. Pedersen et al. proposed a simplified  classification 
system that defined MC as having syncytial growth, diffuse 
stromal lymphocytic inflammation, <25% necrosis, and lack 
of tubular growth [428]. This was further simplified by 
Marginean et  al., who required only 30% anastomosing 
growth and prominent inflammation, which also correlated 
well with survival outcomes [439]. Overall, the Ridolfi crite-
ria were most commonly applied and correlated well with 
outcomes but are the strictest with the worst interobserver 
reproducibility [411]. It is now recognized that invasive car-

a b

c d

Fig. 12.82 Invasive breast carcinoma with medullary pattern, with 
well-circumscribed borders. (a, b) Core needle biopsy of this invasive 
breast carcinoma with medullary pattern reveals a rounded circum-
scribed border, without infiltration of tumor syncytium into adjacent fat. 
(c, d) Another example of invasive breast carcinoma with medullary 

pattern with well-circumscribed borders and a pushing-type of inva-
sion. Note that the associated lymphoplasmacytic infiltrate is present 
throughout the tumor and at the periphery, where it may infiltrate the 
adjacent tissue
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cinomas with a medullary pattern exist along a morphologic 
continuum, with outcomes likely explained by their associa-
tion with TILs, and discrete separation is no longer 
suggested.

Syncytial growth of invasive breast carcinomas with med-
ullary pattern is characterized by broad interanastomosing 
sheets of tumor cells with indistinct cell borders (Figs. 12.83 
and 12.84). The features may sometimes impart a squamoid 
appearance. Well-circumscribed tumors have rounded 
peripheral contours with a pushing-type convex border and 
lack of tumor infiltration into adjacent tissue. The inflamma-
tory infiltrate is lymphoplasmacytic and often diffuse 
(Fig. 12.82). TILs can be quantitated in these tumors if clini-
cally indicated, using the international consensus scoring 
recommendations [440]. A practical guide to TILs evaluation 
can be accessed online: https://www.tilsinbreastcancer.org. 
Lymphoid follicles with germinal center formation may be 
present. The inflammatory infiltrate may percolate among 
adjacent ducts and lobules at the tumor edge (Fig. 12.82d). 
Benign lobules distant from the tumor may show a similar 

Fig. 12.83 Syncytial growth pattern of invasive breast carcinoma with 
medullary pattern. Syncytial growth is characterized by interanasto-
mosing sheets of pleomorphic tumor cells with ill-defined cell mem-
branes and borders. The typical lymphoplasmacytic infiltrate with scant 
collagenous stroma is present between areas of tumor syncytium. Note 
the presence of tumor necrosis in this case

a b

c

Fig. 12.84 Cytologic features of invasive breast carcinoma with med-
ullary pattern. (a–c) The tumor cells are markedly pleomorphic, with 
grade 3 nuclei that have vesicular chromatin and prominent nucleoli. 

Mitotic activity is robust. Note also the syncytial appearance of the 
tumor cells and associated lymphoplasmacytic inflammatory infiltrate
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infiltrate (Fig. 12.85b–d). The tumor cells are enlarged and 
pleomorphic, with abundant cytoplasm and grade 2 or 3 
nuclei with coarse or vesicular chromatin and often one or 
several prominent nucleoli (Fig. 12.84). Atypical giant cells 
with bizarre nuclei may be present. Focal squamous differen-
tiation can be seen [408, 441]. Frequent mitotic figures, 
including abnormal forms, are common, as are pyknotic 
nuclei and smudged cells [434]. Areas of necrosis can lead to 
cystic degeneration. An intraductal component is not uncom-
mon, usually with identical cytologic features and solid or 
comedo pattern, with or without lobular extension. A lym-
phoplasmacytic infiltrate is also often present surrounding 
the in situ carcinoma (Fig. 12.85a).

 Immunohistochemistry

Invasive breast carcinomas with medullary pattern are usu-
ally triple (ER, PR, HER2) negative, although some tumors 
can be ER and PR positive [413, 417, 442–446]. HER2 over-
expression is uncommon [417, 442, 443, 447–449]. These 
tumors express LMWCK (CK8/18 and CK7), with variable 
expression of HMWCK (such as CK5/6, CK14, and CK17) 
and other basal markers (EGFR, p-cadherin) [411, 417, 442, 
443, 447, 450, 451]. In one series, a basal-like immunophe-
notype (triple negative with expression of either CK5/6 or 
EGFR) was demonstrated in ~63% of invasive carcinomas 
with medullary features compared to ~19% of matched IBC- 

a b

c d

Fig. 12.85 Perilobular inflammatory infiltrates of invasive breast car-
cinoma with medullary pattern. (a) Intraductal carcinoma associated 
with invasive breast carcinoma with medullary pattern is characteristi-
cally high grade, in this example with a solid growth pattern. Note the 
associated perilobular lymphoplasmacytic infiltrate, which is typical. 
(b) Benign lobules may also demonstrate a similar prominent lympho-
plasmacytic infiltrate, which may be seen at some distance from the 
carcinoma. (c, d) This CNB targeted for a breast mass demonstrates 

benign breast tissue with prominent lymphoplasmacytic infiltrates asso-
ciated with some lobules and no carcinoma. The findings in the CNB 
were interpreted as lymphocytic mastitis. Excision revealed invasive 
breast carcinoma with medullary pattern (not shown). This case illus-
trates prominent perilobular lymphoplasmacytic infiltrate that is often 
observed in benign tissue adjacent to these tumors and also highlights 
the importance of radiological-pathological correlation in evaluating a 
breast CNB specimen
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NST [442]. SMA, S100 protein, and p53 may be positive 
[417, 418, 442, 443, 452, 453], with p53 overexpression gen-
erally being due to TP53 mutation [418, 443]. Ki-67 is usu-
ally >50% (~50–90%) [417, 442].

The lymphoplasmacytic infiltrate is predominantly com-
posed of CD3+, CD8+, TIA-1+, and granzyme B+ lympho-
cytes [454–456].

Invasive breast carcinomas with medullary pattern may 
be positive for the immune checkpoint protein PD-L1 using 
either SP142 or 22C3 companion assays [457].

 Differential Diagnosis

With the understanding that invasive breast carcinomas with 
medullary pattern belong to a morphologic continuum and 
that clinical behavior and outcomes are likely linked to TILs 
in these tumors, there is less necessity to categorically dif-
ferentiate these tumors. Instead, the medullary pattern should 
be used as a descriptor for IBC-NST.

Some authors have described lymphoepithelioma-like 
carcinoma (LEC) of the breast, which is morphologically 
similar to LEC arising at other sites and tends to lack circum-
scribed borders and syncytial growth [458]. In contrast to 
extramammary LEC, LEC is generally negative for Epstein–
Barr virus (EBV) by immunohistochemistry, in situ hybrid-
ization, and polymerase chain reaction [459]. LEC is not 
recognized as a breast cancer subtype in the WHO classifica-
tion, and it is unclear if these tumors represent morphologic 
variants along the spectrum of invasive breast carcinomas 
with medullary pattern.

Due to the prominence of the lymphoplasmacytic infiltrate 
in some invasive breast carcinomas with medullary pattern, 
the differential diagnosis may include lymphoma, especially 
in scant CNB material. Immunohistochemical stains for cyto-
keratin can be helpful in these cases (Fig. 12.86).

Invasive breast carcinomas with medullary pattern can 
mimic metastatic carcinoma within a lymph node, especially 
in tumors presenting as an axillary mass, and this can be par-
ticularly problematic in CNB or fine needle aspiration. The 
presence of germinal centers is not helpful, as these may be 
seen in invasive breast carcinomas with medullary pattern. 
Identification of a lymph node capsule and/or subcapsular 
sinus is useful if present (Fig. 12.87).

The differential diagnosis may also include a variety of 
reactive processes, including diabetic mastopathy, granulo-
matous mastitis, and mammary Rosai–Dorfman disease 
(RDD), all of which can be associated with a prominent lym-
phoplasmacytic inflammatory infiltrate. Attention to cyto-
morphologic features helps to distinguish the histiocytes of 
granulomatous mastitis and RDD from high-grade carci-
noma cells, although limited sampling in CNB material may 
be problematic. Cytokeratin immunohistochemistry is help-

ful in challenging cases. The histiocytes of granulomatous 
mastitis and RDD are positive for histiocytic markers, 
including CD68 and CD163. Immunohistochemistry for 
S100 protein is less useful, as RDD histiocytes and invasive 
carcinoma cells may both be positive [417].

 Pathogenesis and Risk Factors

Invasive breast carcinomas with medullary pattern share 
many features with BRCA1-associated breast cancers, 
including younger age at presentation, high-grade histopath-
ologic features with high mitotic activity, prominent lym-
phoplasmacytic infiltration, pushing borders, triple negative 
or basal phenotype, and frequent TP53 mutations. Indeed, a 
high proportion of germline BRCA1-associated breast carci-
nomas demonstrate medullary-like features [460–466]. 
Conversely, carcinomas with medullary-like features harbor 
higher rates of BRCA1 mutations than other IBC-NST, and 
often show BRCA1 promoter hypermethylation [462, 467]. 
These tumors are also genomically unstable with high large- 
scale state transition (LST) status, indicative of a BRCAness 
phenotype due to deficient DNA repair [443]. TP53 muta-
tions are common [443].

The vast majority of tumors previously classified as MC 
are basal-like by gene expression profiling and surrogate 
immunohistochemistry [37, 442, 443, 468]. Using the origi-
nal 6-group TNBC classification developed by Lehmann 
et  al. (TNBCtype), most of these tumors belonged to the 
immunomodulatory (IM) group, which is enriched for gene 
ontologies in immune cell processes [196, 469]. Immune 
signaling genes in the IM subgroup overlap with a previously 
identified gene expression signature for MC, which includes 
genes related to the immune response, antigen processing 
and apoptosis [468]. Using a refined 4-group TNBC molecu-
lar classification, the tumors belong to the basal-like 1 (BL1) 
group, which is enriched for cell cycle and DNA damage 
response genes [196]. Teschendorff et al. similarly found that 
invasive carcinomas previously classified as MC clustered 
with a prognostically favorable ER-negative group enriched 
for genes in cell cycle and immune response genes [470]. 
Together, gene expression studies and association of these 
tumors with BRCA1 aberrations and a BRCAness phenotype 
highlight the importance of immune regulation and DNA 
repair deregulation in pathogenesis.

 Prognosis and Clinical Management

Despite the basal-like and triple-negative phenotype, the 
prognosis of MC has been historically favorable, with most 
studies finding improved 5- and 10-year survival rates com-
pared to non-medullary invasive carcinomas, although out-
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a b

c

Fig. 12.86 Lymphoplasmacytic infiltrate of invasive breast carcinoma 
with medullary pattern may mask carcinoma cells. (a, b) In some cases, 
the inflammatory infiltrate may be very pronounced and mask the asso-
ciated carcinoma cells, raising consideration for lymphoma. (c) Keratin 

immunostain is helpful in such cases to highlight the epithelial nature of 
the malignant cells. Note the interanastomosing sheets of syncytial epi-
thelial cells

a b

Fig. 12.87 Invasive breast carcinoma with medullary pattern may 
mimic metastatic carcinoma in a lymph node. (a) The prominent lym-
phoplasmacytic infiltrate and well-circumscribed tumor border of inva-
sive breast carcinoma with medullary pattern may mimic metastatic 

carcinoma in a lymph node. The lack of a capsule and/or subcapsular 
sinus may be helpful in such cases. (b) In contrast, this lymph node with 
metastatic carcinoma demonstrates a distinct albeit compressed 
capsule
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comes were generally dependent on strict and poorly 
reproducible diagnostic criteria. Most studies also observed 
decreased rates of axillary lymph node metastasis in patients 
with MC, and these patients had excellent long-term progno-
sis. Survival of patients with AMC were found to be interme-
diate between MC and non-medullary carcinomas, similar to 
non-medullary carcinomas, or similar to MC, depending on 
the study [408–412, 425, 431, 471, 472].

More recently, the prognostic impact of TILs has been 
discovered in high-grade carcinomas with and without 
medullary histologic features. High numbers of TILs are 
associated with improved response to neoadjuvant chemo-
therapy and longer disease-free survival in TNBC [419, 
420, 472]. Moreover, survival in MC was not found to be 
significantly different from grade 3 IDC with prominent 
inflammation, but survival in both was significantly better 
than grade 3 IDC without prominent lymphocytic inflam-
mation. There were no survival differences between MC 
and AMC in this study [472]. In another study, superior 
outcomes observed in invasive carcinomas with medullary 
features compared to other TNBC were lost once TILs were 
included in multivariate analysis [473]. Consistent with 
these findings, a gene expression signature for MC that is 
enriched for immune response genes was able to identify a 
prognostically favorable subgroup of basal-like carcinomas 
[474]. The data together suggest that the favorable out-
comes ascribed to invasive breast carcinomas with medul-
lary pattern are related to the prominent lymphoplasmacytic 
infiltrates in these tumors.

Rates of local tumor recurrence following breast conser-
vation therapy are similar for patients with tumors previ-
ously classified as MC and IDC-NST [431, 475, 476]. 
Treatment of invasive breast carcinomas with medullary 
features is generally similar to other IBC-NST. Given the 
prominence of TILs in these tumors, immune checkpoint 
inhibitor therapy with PD-L1 (atezolizumab) or PD-1 
(pembrolizumab) inhibitors can be an option for eligible 
patients [457].
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