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Abstract

Metaplastic breast cancer (MpBC) is an exceedingly rare breast cancer variant that is therapeutically challenging and
aggressive. MpBC is defined by the histological presence of at least two cellular types, typically epithelial and
mesenchymal components. This variant harbors a triple-negative breast cancer (TNBC) phenotype, yet has a worse
prognosis and decreased survival compared to TNBC. There are currently no standardized treatment guidelines
specifically for MpBC. However, prior studies have found that MpBC typically has molecular alterations in epithelial-
to-mesenchymal transition, amplification of epidermal growth factor receptor, PI3K/Akt signaling, nitric oxide
signaling, Wnt/β-catenin signaling, altered immune response, and cell cycle dysregulation. Some of these molecular
alterations have been studied as therapeutic targets, in both the preclinical and clinical setting. This current review
discusses the histological organization and cellular origins of MpBC, molecular alterations, the role of radiation
therapy, and current clinical trials for MpBC.
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Introduction
Metaplastic breast cancer (MpBC) is a rare and aggres-
sive malignancy that accounts for 0.2–5% of all breast
cancers, and as such, MpBC carries the worst prognosis
in comparison to other breast cancer types and plays a
significant role in global breast cancer mortality [1]. In
the SEER database from 1973 to 2015, there were less
than 10,000 cases of MpBC in the USA annually [2].
This malignancy is characterized by the histological
presence of at least two cellular types, typically epithelial
and mesenchymal components [3]. MpBC is typically a
triple-negative breast cancer (TNBC), meaning the

tumor lacks the expression of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal
growth factor 2 receptor (HER2) [3]. Unfortunately,
MpBC carries a worse prognosis in comparison to non-
metaplastic TNBC, has twice the risk of recurrence, and
has a shorter disease-free and overall survival (OS) [4].
The term “metaplastic carcinoma” was first published by
Huvos and colleagues in 1973 [5]. Due to its rare and ag-
gressive nature, there have been many limitations in
completely delineating the molecular and genetic land-
scape of MpBC. However, an emerging number of
MpBC case studies, enhanced technology in research,
and increased awareness of this rare breast neoplasm
have allowed clinicians and researchers to gain a better
understanding of the morphology, prognosis, molecular
alterations, and potential treatment options. The goal of
this review is to provide an overview of MpBC, including
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cellular and molecular characteristics, histopathology,
treatment options, and ongoing clinical trials.

Histological organization of MpBC
By definition, metaplastic carcinomas contain one or more
cell populations that have undergone metaplastic differen-
tiation, meaning that cells have converted from glandular
to non-glandular morphology [6]. These metaplastic
changes include carcinomatous (squamous) and sarcoma-
tous elements, including osseous, chondroid, and spindle
morphology [1]. The WHO Classification of Breast Tu-
mors classifies MpBC as mixed metaplastic carcinoma,
low-grade adenosquamous carcinoma, fibromatosis-like,
squamous cell carcinoma, spindle cell carcinoma, and
metaplastic carcinoma with mesenchymal differentiation
[1, 7]. All of these metaplastic variants are aggressive and
chemoresistant and have a high propensity to metastasize,
except fibromatosis-like carcinoma and low-grade adenos-
quamous carcinoma [8].
Understanding the differences between histological

variants may provide insight into clinical prognosis and
potential therapeutic options. For example, Schwartz
and colleagues organized MpBC into epithelial and
mixed types, in which epithelial types included squa-
mous cell carcinoma, adenocarcinoma with spindle cell
differentiation, and adenosquamous carcinoma, whereas
mixed types included carcinoma with chondroid meta-
plasia, carcinoma with osseous metaplasia, and carcino-
sarcoma [9]. Tse and colleagues classified MpBC into
three groups, epithelial-only carcinoma, biphasic epithe-
lial and sarcomatoid carcinoma, and monophasic spindle
cell carcinoma [10]. Oberman conducted a clinicopatho-
logical study of 29 patients with primary breast neo-
plasms and classified MpBC into spindle cell carcinoma,
invasive ductal carcinoma with extensive squamous
metaplasia, and invasive ductal carcinoma with pseudo-
sarcomatous metaplasia [11]. One of the primary issues
with these descriptive classifications is the lack of correl-
ation between the microscopic pattern and prognosis of
the disease, in part due to the rarity of the disease.
Of these, one publication by Song et al. found that there

was clinical significance to sub-classifying MpBC [12].
This study showed that the prognosis of MpBC was worse
than triple-negative invasive ductal carcinoma (TN-IDC),
with a 5-year overall survival rate of 54.5% vs. 73.3%, re-
spectively. Adenocarcinoma with spindle cell differenti-
ation had the worst 5-year overall survival rate at 40%.
Overall, this study concluded that separating MpBC based
on histological variants may have clinical significance.
The prognosis and response to therapy vary among

the metaplastic variants. MpBC also shows increased
locoregional and distant tumor recurrence and is far
more aggressive than invasive ductal carcinoma, even
when matched for age, stage, and tumor grade [13]. In

addition, the majority of MpBC is triple-negative, yet the
genomic, transcriptomic, and proteomic characteristics
between MpBC and TNBC differ. Examples of this in-
clude the marker p63, which is commonly expressed in
spindle cell carcinoma, or that low-grade adenosqua-
mous carcinoma harbor high rates of PIK3CA muta-
tions, but no TP53 mutations and androgen receptor
expression. Conventional TNBC has a low rate of
PIK3CA mutations [14, 15].
A genomics profiling study performed by McQuerry

and colleagues found that MpBC samples with mesen-
chymal (osteoid or chondroid) histology had increased
Snail, BCL-2-like-1 protein, and Akt1 pathway activity in
comparison to non-mesenchymal MpBC tumors [16].
When comparing the gene expression profiles of MpBC
to TNBC tumors, MpBC tumors had more upregulation
of epithelial-to-mesenchymal transition (EMT) and col-
lagen genes, but downregulation of late cornified enve-
lope and keratinization genes. Overall, these results
support that MpBC histological variants may exhibit dif-
ferent genomic profiles and that EMT may play an influ-
ential role in the aggressiveness and lethality of this rare
breast cancer subset.
A proteomics study by Djomehri and colleagues discov-

ered potential metaplastic pathological subtype-specific
biomarkers/therapeutic targets as well as proteomic differ-
ences between MpBC and TNBC [17]. In this study, they
performed multiplex quantitative tandem mass tag-based
proteomics and gene set enrichment analysis to elucidate
unique protein signatures in TNBC, MpBC pathological
variants (spindle, squamous, and sarcomatoid MpBC), and
normal mammary tissue. Compared to the TNBC prote-
ome, the top upregulated pathway in the MpBC proteome
was EMT and the top downregulated pathway was oxida-
tive phosphorylation (OXPHOS). When proteomes of the
specific MpBC pathological subtypes were compared, they
discovered that spindle MpBC was highly enriched with
MYC and E2F targets and ribosomal pathway proteins.
Squamous MpBC had elevated interferon-gamma signal-
ing/broad inflammatory responses, TP53 and PI3K signal-
ing, apical junction signaling, and decreased OXPHOS,
MYC, and E2F targets. Sarcomatoid MpBC displayed high
EMT and OXPHOS signaling and low PI3K/MTORC1
and interferon-gamma signaling. The discovery of unique
proteomic features among the MpBC pathological variants
may provide new insight into novel treatment strategies to
improve the survival of MpBC patients. Nevertheless,
more studies and discussions are needed to examine the
clinical value of separating MpBC based on the histo-
logical variant.

Cell origin of MpBC
The clonality and origin of MpBC have been debated for
years, and there are at least three hypotheses to explain
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why MpBC are biphasic tumors, meaning the presence
of sarcomatous and carcinomatous components within
the same tumor. The collision theory suggests that car-
cinomatous and sarcomatous tissues are derived from
separate progenitor cells [9], while the combination the-
ory of monoclonal origin suggests that a common multi-
potent progenitor cell is responsible for giving rise to
both sarcomatous and carcinomatous cells. The conver-
sion/metaplastic theory suggests that the sarcomatous
components derive from the carcinomatous component
via a metaplastic process. Evidence to support the meta-
plastic theory comes from data that showed both epithe-
lial and mesenchymal components of the tumor display
a positive expression of cytokeratin, S-100, and vimentin
[18]. Furthermore, it has also been suggested that MpBC
may derive from myoepithelial cells, as the tumors are
frequently positive for myoepithelial markers including
CD10, p63, and smooth muscle actin [19].

Molecular alterations in MpBC
Despite its rarity, there have been some studies that have
revealed molecular alterations and actionable genetic
changes within MpBC. Molecular analysis of MpBC will
be crucial to identify potential options for targeted
therapeutic intervention and for promising clinical strat-
egies. Here, we provide an overview of molecular alter-
ations and characteristics found in MpBC cases, which is
also summarized in Table 1.

Epithelial-to-mesenchymal transition
Epithelial-to-mesenchymal transition (EMT) is a transi-
ent process in which epithelial cells lose their cell polar-
ity and cell-cell adhesion qualities and acquire
mesenchymal properties, including enhanced migratory
capacity, resistance to apoptosis and chemotherapy, in-
vasiveness, and characteristic morphological and gene
expression changes [38]. EMT after embryogenesis is
considered pathological, and this process is associated
with a loss of E-cadherin and claudin expression and en-
hanced expression of mesenchymal markers such as
vimentin and smooth muscle cell actin [39]. EMT is typ-
ically regulated by transcription factors (TF) such as
Goosecoid, Snail, Slug, Twist, FOXC1, FOXC2, Zeb1,
and Zeb2 [20]. While EMT has been extensively studied
in claudin-low and metaplastic breast cancers, EMT has
also been involved in tumorigenesis of other cancers,
such as liver, lung, prostate, pancreas, thyroid, and glio-
blastoma multiforme [40, 41]. In general, tumors that
undergo EMT typically harbor an epithelial phenotype
and have activated EMT-TF-dependent cellular pro-
cesses, such as dedifferentiation and plasticity [41].
Taube and colleagues conducted a study in which they
identified an EMT core genetic signature that was
enriched for genes regulated by Zeb1 and this genetic

signature was similar to that of claudin-low and meta-
plastic breast cancers [20]. Hennessy et al. found com-
parable results in their study, in which 28 MpBC tumor
samples were transcriptionally profiled and probed using
a tumor-initiating cell (TIC) gene signature [21]. This
TIC gene signature was developed by Creighton et al.
[22]. MpBC tumors shared a similar genetic signature to
TIC and claudin-low breast cancer gene signatures, had
more stem-cell-like features, and expressed high levels
of EMT markers [21]. TICs are more prominently ob-
served following endocrine therapy or chemotherapy,
have intrinsic resistance to chemotherapy, exhibit EMT
characteristics, and are capable of self-renewal [22]. A
crucial finding from this study was that MpBC showed a
high frequency of amplification, mutation, and activation
of phosphoinositide 3-kinase (PI3K) signaling relative to
basal and claudin-low breast cancers. Therefore, EMT/
stem-cell-like features in combination with PI3K signal-
ing hyperactivation may provide an explanation for why
MpBC is an aggressive, chemorefractory subtype and po-
tentially originated from a chemoresistant stem cell.

Epidermal growth factor receptor (EGFR)
MpBC consistently overexpresses EGFR, but usually
lacks HER2 overexpression and amplification [23]. Reis-
Filho and colleagues found that 34% of MpBC cases ex-
hibit EGFR gene amplification and this gene amplifica-
tion is associated with gene overexpression [24]. This
study found no activating mutations in EGFR, suggesting
that point mutations within the receptor are unlikely to
influence the overexpression of EGFR. Another study
assessed 77 MpBC samples and found that the majority
of the samples were positive for p63 (59%), cytokeratin
5/6 (58%), EGFR overexpression (66%), and KIT (24%)
[25]. This study also found no activating mutations in
EGFR and KIT. Fluorescence in situ hybridization was
performed to show high EGFR copy number secondary
to aneusomy (22%) and amplification (4%). To compare
the differences in EGFR amplification among MpBC and
mesenchymal and basal TNBC tumors, we performed
droplet digital PCR analysis (ddPCR) to assess EGFR
DNA copy number values. We used DNA isolated from
well-established MpBC and TNBC patient-derived xeno-
graft (PDX) tumors. The details of the experiment are
included in the supplementary information. We found
that in comparison to mesenchymal TNBC and MpBC,
basal TNBC had the highest EGFR copy number values
(Fig. 1). PDX BCM-4013 (basal-like 2 subtype, BL2) ex-
hibited the most EGFR amplification among all PDXs.
BL2 TNBC tumors have been shown to exhibit en-
hanced EGFR gene expression [42]. Fifty percent of the
MpBC PDX tumors exhibited EGFR copy number values
greater than two. These findings shed light on the differ-
ential expression of EGFR between TNBC and MpBC as
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Table 1 List of molecular alterations in MpBC

Molecular alteration Description Reference Sample
size

Epithelial-to-mesenchymal transition (EMT) -EMT core genetic signature shares similarity to core genetic
signatures of claudin-low and metaplastic breast cancers [20].
-MpBC tumors have more stem-like features, express high
levels of EMT markers, and share a similar genetic signature to
tumor-initiating cell (TIC) genetic signature [21].
-TICs are prominent following endocrine/chemotherapy, more
chemoresistant, exhibit EMT, and can undergo self-renewal [22].

Taube et al. [20] 244

Hennessy et al. [21] 28

Epidermal growth factor receptor
(EGFR) signaling pathway

-34% of MpBC cases exhibit EGFR gene amplification associated
with gene overexpression and no EGFR activating mutations [23, 24].
-Fluorescent in situ hybridization showed high EGFR copy
number secondary to aneusomy (22%) and amplification (4%) [25].
-Majority of MpBC is positive for p63 (59%), cytokeratin 5/6 (58%),
KIT (24%), and EGFR (66%) overexpression [25].

Reis-Filho et al. [23] 25

Reis-Filho et al. [24] 47

Gilbert et al. [25] 38

Phosphoinositide 3-kinase (PI3K)
signaling pathway

-47% of MpBC tumors harbor PIK3CA mutations and 5% have PTEN
deletions [21]. 36.4% of HR+ breast cancers have PIK3CA mutations [26].
-Whole-exome sequencing analysis of MpBC tumors showed
the most altered genes were PIK3CA (29%), PIK3R1 (11%), FAT1
(11%), ARID1A (11%), and PTEN (11%) [27].
-Next-generation sequencing of MpBC tumors showed the
most commonly altered genes were TP53 (68.4%), PIK3CA
(42.1%), and PTEN (15.8%) [28].

Hennessy et al. [21] 28

Razavi et al. [26] 1918

Ng et al. [27] 35

Afkhami et al. [28] 21

Nitric oxide synthase (NOS)
signaling pathway

-TNBC expresses high levels of nitric oxide (NO) than HER2+
or luminal breast cancers and enhanced inducible nitric oxide
synthase (iNOS) expression is associated with worse prognosis
and may confer resistance to chemotherapy [29].
-Inhibition of iNOS via L-NMMA in combination with docetaxel
is more effective than docetaxel alone in enhancing tumor
apoptosis, cell proliferation/migration, and reducing tumor-
initiating capacity in TNBC and MpBC models.
-39/40 (97.5%) of MpBC tumors harbor a RPL39 A14V oncogenic
mutation, which is associated with enhanced NO activity, cancer
cell stemness, and lung metastasis [30].

Granados-Principal
et al. [29]

83

Dave et al. [30] 40

Wnt/β-catenin signaling -Immunohistochemistry (IHC) of MpBC samples showed aberrant β-
catenin expression in 33/36 (92% of cases), and mutational analysis
showed that 25.9% of MpBC tumors had CTNNB1 missense mutations,
7.4% tumors had APC mutations, and 18.5% tumors had WISP3
mutations [31].
-IHC of MpBC tumor samples reveals that β-catenin expression
has more focal nuclear localization [32].
-MpBC tumors commonly harbor mutations in Wnt/β-catenin
signaling and PI3K/Akt signaling than TNBC tumors [27].
-The levels of CCN6 are low in MpBC, leading to enhanced
insulin-like growth factor 1 levels, EMT, invasion, metastasis, and
bone morphogenic-4 signaling [8].
-A mouse model of mammary epithelium-specific Ccn6 protein
deletion (MMTV-cre;Ccn6fl/fl) has been developed, which can
recapitulate many features of human spindle MpBC tumors [17, 33].

Hayes et al. [31] 26

Lacroix-Triki et al. [32] 52

Ng et al. [27] 35

Martin et al. [33] –

Programmed cell death protein 1 (PD-1)/
programmed death ligand-1 (PD-L1)

-PD-L1 is expressed more in MpBC tumors (46%) relative to other
breast tumor types (6% in HR+ and 9% in HER2+ breast cancers [34].
-Another study performed PD-L1 immunohistochemical staining of 21
MpBC tumor samples and found that PD-L1 expression was associated
with a worse RFS and OS [28].
-A patient with metastatic MpBC (PD-L1+ and with PIK3CA
H1047L mutation) showed a dramatic response to
pembrolizumab in combination with nab-paclitaxel [35].

Joneja et al. [34] 290

Afkhami et al. [28] 21

Adams 2017 [35] 1

Cell cycle regulation -MpBC tumors harbor a high frequency of TP53 (64%) and TERT
(catalytic subunit of telomerase) promoter mutations (25%) [36]
-TERT mutations are commonly found in the spindle and
squamous MpBC [36]
-Myoepithelial MpBC shows a 9p21.3 chromosomal loss, including loss
of genes CDK2NA and CDK2NB, which code for cyclin-dependent kinase
inhibitors p16INK4a and p15INK4b [37].
-64.3% of myoepithelial MpBC tumors with 9p21.3 loss also
had a PIK3CA mutation [37].

Krings and Chen [36] 28

Bartels et al. [37] 34
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well as warrant further investigation on using EGFR
tyrosine kinase inhibitors as therapeutics against MpBC.

Phosphoinositide 3-kinase (PI3K) pathway
The PI3K/Akt/mTOR signaling pathway controls cellu-
lar growth, proliferation, metabolism, cellular survival,
and angiogenesis and is one of the most frequently dys-
regulated pathways in cancer [43]. The pathway can be
hyperactivated in cells through diverse genomic alter-
ations, such as mutations in PIK3CA, PIK3R1, AKT1,
MTOR, TSC2, and LKB1, as well as various other tumor
suppressor genes and oncogenes [44]. PIK3CA codes for
p100α, the catalytic subunit of the PI3Kα complex, and
phosphatase and tensin homolog (PTEN) is a tumor sup-
pressor gene of this pathway that is frequently deleted in
cancers. A seminal study in the field of MpBC research
found that this rare cancer type harbors ~ 47% PIK3CA
mutations and ~ 5% PTEN deletions [21]. MpBC tumors
harbor more PIK3CA mutations than hormone receptor
(HR)+ breast cancers, in which 36.4% of those cancers
have a PIK3CA mutation [26]. However, the increased
percentage of MpBC with PIK3CA mutations may be a
biased result, as this study had a small sample size of
MpBC tumors. Nevertheless, another study conducted
whole-exome sequencing on MpBC samples and found
that MpBC tissue contained genetic alterations in
PIK3CA (29%), PIK3R1 (11%), FAT1 (11%), ARID1A

(11%), and PTEN (11%) [27]. A next-generation sequen-
cing mutational assay on tumor samples from 19 MpBC
patients found comparable results and showed that the
most commonly altered genes in MpBC were TP53
(68.4%, 13/19), PIK3CA (42.1%, 8/19), and PTEN (15.8%,
3/19) [28]. The study also showed that recurrence-free
survival (RFS) and OS were significantly worse for
MpBC patients with PIK3CA mutations. We analyzed a
publicly available cancer cohort (n = 9052) from cBio-
Portal to identify alteration frequencies for EGFR,
PIK3CA, and PTEN genes across all breast cancer sub-
types (Fig. 2). Across all cancer types, MpBC showed the
highest frequency of alterations in EGFR and PTEN, and
a modest percentage of PIK3CA mutations. While it is dif-
ficult to conclude whether PIK3CA mutations are more
commonly seen in MpBC vs. TNBC, largely due to the
rare nature of MpBC, we suggest that targeting this path-
way with isoform-specific inhibitors in combination with
other novel therapeutics may be the future for MpBC
treatment. From the same database, we also compared the
OS of 33 MpBC patients to 7515 non-metaplastic breast
cancer patients (including HR+, HER2+, and TNBC) and
found MpBC had a poorer OS (HR 11.5, 95% CI 3.64–
36.35) than non-metaplastic breast cancer (Fig. 3). The
median survival rate for MpBC patients was 64.4months,
versus 159.2months for patients diagnosed with non-
metaplastic breast cancers. These findings further support

Fig. 1 EGFR copy number variant values of mesenchymal TNBC, basal TNBC, and MpBC PDX tumors. Droplet digital PCR was performed using
DNA isolated from PDX tumors, and EGFR and RPP30 (reference gene)-specific primers and probes. Red dotted line indicates the normal copy
number threshold (CN 2). Pietenpol Classification [42]: BL1, basal-like 1; BL2, basal-like 2; IM, immunomodulatory; LAR, luminal androgen receptor;
M, mesenchymal; MSL, mesenchymal-stem like; nd, not determined
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studies that have described MpBC as highly aggressive
cancer with poorer clinical outcomes than other breast
malignancies [4, 45, 46].

Nitric oxide signaling pathway
TNBC expresses higher levels of nitric oxide (NO),
which is estimated by nitrate levels, than HER2+ or lu-
minal breast cancers [47]. Furthermore, previous in vitro
studies have shown that TNBC tumors expressing indu-
cible nitric oxide synthase (iNOS) produce moderate to

high levels of NO, and the increased iNOS activity may
confer resistance to chemotherapy [48]. A preclinical study
demonstrated that combining docetaxel with pan-NOS in-
hibitor NG-monomethyl-L-arginine acetate (L-NMMA) in
a xenograft model of MDA-MB-231 decreased Ki67 prolif-
erating cells, enhanced tumor apoptosis, and reduced
tumor-initiating capacity of residual tumor cells after
chemotherapy to a larger degree than docetaxel alone [29].
Another preclinical study assessed the potential of L-
NMMA to sensitize metaplastic breast cancer to docetaxel
[30]. In this study, L-NMMA significantly reduced cell mi-
gration and proliferation in a dose-dependent manner in
MpBC cell lines, Hs578T, and BT549. L-NMMA also sig-
nificantly enhanced docetaxel-mediated apoptosis in MpBC
cell lines, as evidenced by a greater number of Annexin V-
positive cells found in cell lines treated with L-NMMA +
docetaxel combination therapy, versus vehicle control or
monotherapy. This study also examined tumor samples
from patients with histologically confirmed MpBC and
found that out of 40 MpBC samples, 39 samples had a
RPL39 A14V mutation. The RPL39 A14V mutation is asso-
ciated with enhanced NO activity and cancer cell stemness.
MpBC tumors that harbored a RPL39 mutation and were
resistant to docetaxel became sensitized to the taxane by L-
NMMA through inhibition of STAT3 signaling. Taking this
into consideration, a phase 1b/2 clinical trial is being con-
ducted to assess the maximum-tolerated dose, dose-limited
toxicities, recommended phase 2 dose, and efficacy of L-
NMMA in combination with docetaxel for refractory lo-
cally advanced and metastatic triple-negative breast cancer
patients (NCT02834403). This clinical trial is also recruiting
patients diagnosed with MpBC.

Fig. 2 MpBC harbors genetic alterations in EGFR, PIK3CA, and PTEN genes. Data derived from cBioPortal database of 9052 patients across 12
breast cancer studies

Fig. 3 Overall survival curve for patients with metaplastic and non-
metaplastic breast cancers. Data derived from cBioPortal database of
7548 patients across 12 breast cancer studies

Reddy et al. Breast Cancer Research          (2020) 22:121 Page 6 of 11



Wnt/β-catenin pathway
The Wnt/β-catenin pathway plays a vital role in embry-
onic development, EMT, and carcinogenesis [32]. In a
2008 study, 36 MpBC samples were analyzed for alter-
ations in the Wnt signaling pathway, by examining im-
munohistochemical (IHC) stains and mutation analysis
of key proteins in the pathway [31]. IHC showed aber-
rant β-catenin expression in 33/36 cases (92%). Muta-
tional analysis demonstrated that 25.9% of samples had
CTNNB1 missense mutations, in the region coding for
the NH2-terminal domain of β-catenin, likely impairing
its ability to undergo degradation. APC and WISP3 mu-
tations were seen in 7.4% and 18.5% of samples respect-
ively. A subsequent study found a lack of CTNNB1
mutations in MpBC samples, but more enhanced and
focal nuclear localization of β-catenin in MpBC samples
via IHC [32]. A more recent study conducted whole-
exome sequencing of 35 MpBC samples and compared
the MpBC genomic landscape to that of TNBC from
The Cancer Genome Atlas [27]. The study found that
MpBC more commonly harbored mutations in the Wnt
signaling and PI3K/Akt/mTOR pathway than TNBC.
These mutations rendered both pathways to be more
hyperactive in MpBC. These correlative studies that sug-
gest the Wnt pathway plays a role in MpBC disease
pathogenesis have been translated into preclinical stud-
ies, particularly with the development of a mouse model
of mammary epithelium-specific Ccn6 protein deletion
(MMTV-cre;Ccn6fl/fl) [33]. CCN6, also known as WISP3,
is a matricellular protein involved in development during
chondrogenesis, skeletogenesis, and cell attachment to
the extracellular matrix. In aggressive cancers such as
MpBC, levels of CCN6 are low, which leads to enhanced
EMT, invasion, metastasis, insulin-growth factor-1, and
bone morphogenic-4 signaling [8]. Studies using the
MMTV-cre;Ccn6fl/fl model have yielded promising re-
sults to suggest that Wnt and IGF-signaling may work
synergistically to regulate MpBC tumorigenesis.

Programmed cell death protein 1 (PD-1)/programmed
death ligand-1 (PD-L1)
A study examined 290 tumor tissues of HR+ and HER2+
breast cancers, TNBC, and MpBC for immunohistochemical
staining of PD-1 on tumor-infiltrating lymphocytes (TILs)
and PD-L1 in breast cancer cells [34]. The study found a
substantially enhanced expression of PD-L1 on MpBC tumor
tissues (46%) relative to all other tumor tissues (6% in HR+
and HER2+, 9% in TNBC). There was enhanced variability
in the expression of PD-1 on TILs in MpBC. Coinciding with
this study, a case report published on a patient with meta-
static MpBC, from an ongoing clinical trial (NCT02752685),
showed a dramatic response to pembrolizumab (anti-PD1)
in combination with nab-paclitaxel [35]. PD-L1 staining of
the tumor biopsy at baseline showed 100% of tumor cells

were positive for PD-L1, and another staining showed in-
creased TIL infiltration after pembrolizumab treatment.
The case report described how the PI3K/Akt and Ras-
MAPK pathways play a role in regulating immune evasion
and that the patient’s tumor harbored a hyperactivating
PIK3CA mutation (H1047R), which may have influenced
tumoral PD-L1 expression. Furthermore, EMT, which is a
common phenomenon in MpBC, may also influence PD-
L1 expression. Another study performed PD-L1 immuno-
histochemical staining of 21 MpBC tumor samples and
found that PD-L1 expression was associated with a worse
RFS and OS (HR 1.08, 95% CI 1.01–1.16 and 1.05, 95% CI
1.00–1.11, respectively) [28]. Overall, these findings de-
scribe the strong potential of immune checkpoint inhibi-
tors in the treatment arsenal for MpBC. Some of the
clinical trials described in Table 2 are taking advantage of
immunotherapy as a promising therapeutic for MpBC
(NCT02834013, NCT02752685).

Cell cycle regulating proteins
Krings and Chen conducted a study in which they se-
quenced 408 cancer-related genes in 28 MpBC samples,
and they found that MpBC harbored a high frequency of
TP53 (64%) and TERT (catalytic subunit of telomerase)
promoter mutations (25%), but the latter frequency varied
among MpBC subtypes [36]. TERT promoter mutations
were enriched in the spindle cell and squamous cell car-
cinoma variants (47%). Furthermore, the percentage of
TP53 mutations in this study was comparable to another
study, which found MpBC to harbor 69% TP53 mutations
[27]. A study examined myoepithelial MpBC and found
that most cases (28 out of 34, 82.4%) showed a distinct
chromosomal loss in 9p21.3, including loss of CDK2NA
and CDK2NB [37]. CDKN2A and CDKN2B code for the
proteins p16INK4a and p15INK4b, respectively, which func-
tion as inhibitors of Cdk4 and Cdk6 and can induce G1
cell cycle arrest by inhibiting the phosphorylation of ret-
inoblastoma protein [49]. Another finding was that loss of
9p21.3 in 64.3% of all MpBC tumor samples was accom-
panied by a concurrent PIK3CA mutation.

The role of systemic therapy
MpBC is likely to present with more locally advanced
disease and a poorer prognosis in comparison to TNBC
[50]. The current standard of care for MpBC follows the
same guidelines as TNBC, yet MpBC responds poorly to
most systemic chemotherapy and has poorer clinical
outcomes than TNBC [50–52]. Chen et al. examined 46
MpBC cases and found that the partial response rates
for MpBC patients receiving neoadjuvant chemotherapy
and first-line chemotherapy were 18.2% and 8.3%, re-
spectively [50]. None of the patients responded to
anthracycline, cyclophosphamide, and vinorelbine-based
therapies, but a small cohort of the MpBC patients
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exhibited a partial response to taxane-based therapy.
Aydiner and colleagues conducted an observational
study assessing the survival and response to treatment of
54 MpBC and 51 TNBC patients [46]. The study found
that MpBC patients had a decreased response to neoad-
juvant chemotherapy (anthracycline and taxane-based
therapy) than TNBC patients (12.5% vs. 75%) and that
none of the MpBC patients achieved a complete re-
sponse to neoadjuvant chemotherapy. In comparison to
TNBC, MpBC tends to present with a larger primary
tumor size, less nodal involvement, higher histological
grade, and heterogeneity, as well as p53 and Ki-67 over-
expression [52]. These characteristics may contribute to
why MpBC is more chemorefractory than TNBC.
Despite many studies suggesting that MpBC is more

chemorefractory than TNBC, there is a subset of MpBC
patients that may benefit from systemic therapy. Schroe-
der and colleagues conducted a retrospective study of a
MpBC study cohort from the Surveillance, Epidemi-
ology, and End Results Program (SEER) database [53].
The study cohort included 1516 patients diagnosed with
MpBC and 220,375 patients with invasive ductal carcin-
oma (IDC). Of the MpBC cases examined, 64.1% were
TNBC, 5.2% were HER2+, and 23.0% were HER2−/HR+
breast cancers. The 3-year OS for HER2+ MpBC was
significantly greater than for triple-negative or HR+
MpBC (91.8% vs. 75.4% vs. 77.1%, p = 0.025). Using a
multivariate Cox proportional hazards model, the study
showed that there was no statistical difference between
the OS for HER2+ MpBC cases and HER2+ IDC cases
(hazard ratio = 1.16, 95% CI 0.48–2.81, p = .734). Al-
though HER2+ MpBC cases were only a small portion of
cases in this study (5.2%), these findings suggest that sys-
temic therapy, particularly HER2 targeted therapies, may
provide improved survival benefit for HER2+ MpBC.
Furthermore, this study also suggests that a broader ap-
proach to therapeutic options is warranted with MpBC
and that systemic therapies may be efficacious for a par-
ticular subset of MpBC patients.

Radiation therapy
There have been limited studies and guidelines regarding
the use of radiation therapy (RT) in the adjuvant setting
for MpBC, and unfortunately, the published studies have
patient cohorts that are generally small. Tseng and Mar-
tinez conducted a retrospective study in which they in-
vestigated a cohort of MpBC patients treated from 1998
to 2006 (SEER database) and found that RT improved
the OS of MpBC patients following lumpectomy or
mastectomy [54]. A case series studying 18 patients with
MpBC showed that patients who underwent postopera-
tive RT had longer overall survival than patients who did
not receive RT [55]. A retrospective cohort study by Li
and colleagues in 2019 investigated 2267 patients diag-
nosed with MpBC between 1998 and 2015 from the
SEER database and found that MpBC patients who re-
ceived RT had a better OS and breast cancer-specific
survival compared to those not treated with RT, and this
effect was seen particularly in large tumors and elderly
patients [56]. However, these studies must be analyzed
with caution as either these are retrospective studies, or
the studies have a small sample size. To obtain a deeper
understanding of how RT can truly benefit MpBC pa-
tients in the adjuvant setting, it would be valuable to
conduct prospective studies with sufficient sample sizes
and develop standardized RT guidelines.

Potential therapies in clinical trials
Despite the current treatment status for MpBC, which
follows a one-size-fits-all scheme in which MpBC pa-
tients are provided the same therapeutic options to
TNBC patients, there have been completed and ongoing
clinical trials specifically on targeted therapeutics against
MpBC. For example, a phase 1 clinical trial was con-
ducted to assess the safety and efficacy of mTOR inhib-
ition with temsirolimus or everolimus in combination
with VEGF inhibitor bevacizumab and liposomal doxo-
rubicin in 52 patients with advanced MpBC [57]. The
objective response rate (ORR) was 21% (complete

Table 2 List of ongoing clinical trials recruiting patients with MpBC

Trial Phase Status

ARQule: ARQ751 (pan-AKT inhibitor) plus fulvestrant or paclitaxel compared to ARQ751 plus placebo in patients with breast
or endometrial cancer harboring PIK3CA/AKT/PTEN mutations (NCT02761694)

1b Ongoing

ARTEMIS: A clinical trial implementing diagnostic imaging + tumor genetic signature to predict sensitivity to standard-of-care
versus personalized therapy. A non-randomized trial in which patients undergo baseline imaging and molecular testing of tumor
biopsy. They receive standard anthracycline-based chemotherapy and undergo ultrasound imaging after cycles 2 and 4. After
completing cycle 4 and obtaining molecular testing results, the patient may elect to continue standard chemotherapy or proceed
to an experimental clinical trial designed to match tumor profile and TNBC subtype. Patients with tumors predicted to be resistant
to standard chemotherapy are advised to participate in the experimental clinical trial (NCT02276443)

N/A Ongoing

L-NMMA (pan-nitric oxide synthase) inhibitor plus docetaxel in refractory locally advanced or metastatic TNBC patients
(NCT02834403)

1b/2 Ongoing

DART - Dual anti-CTLA4 and anti-PD1 blockade in rare tumors: Nivolumab (anti-CTLA4) antibody) plus ipilimumab (anti-PDL1
antibody) compared to nivolumab alone for patients with rare tumors, including MpBC (NCT02834013)

2 Ongoing

Pembrolizumab (anti-PD1 antibody) plus nab-paclitaxel for TNBC and HR+/HER2− breast cancer cohorts (NCT02752685) 2 Ongoing
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response = 4 [8%]; partial response = 7 [13%], and 10 pa-
tients [19%] had stable disease for at least 6 months, with
a clinical benefit rate (CBR) of 40%). Forty-two tumor
samples were available for genetic testing and 32 (74%)
had a PIK3CA mutation. When the presence of a
PIK3CA mutation was taken into consideration, they
found a significant improvement in ORR (31% vs. 0%),
but no improvement in CBR (44% vs. 45%, p > .99).
Though a limitation of this study is the sample size,
largely due to the rare nature of MpBC, another point to
note is that the PIK3CA mutational analysis was specific
to hotspot mutations. There is a chance that the tumor
samples of the patient cohort may also harbor other
PI3K/Akt pathway alterations that could not be detected
via molecular testing. A case report was published in
2019 about a patient diagnosed with MpBC (H1047R
PIK3CA mutation +), who enrolled in the BELLE-4 clin-
ical trial, and achieved a durable response and overall
survival of 42 months to combination therapy of pacli-
taxel and buparlisib, a pan-PI3K inhibitor [58]. In
addition, immune checkpoint blockade, specifically a
combination of nivolumab (anti-PD1) and ipilimumab
(anti-CTLA4), has shown efficacy in a small cohort of
MpBC patients (The DART trial) [59]. In this prospect-
ive, single-arm, phase 2 trial, 17 MpBC patients received
combination therapy. The ORR% in the study was 12%
(RECIST 1.1) and 18% (iRECIST), with three patients
showing ongoing responses at 27, 25, and 23months, re-
spectively. These smaller studies are first to shed light
on the potential of targeting the PI3K pathway and util-
izing immunotherapy as treatment options for MpBC.
Table 2 provides a list of ongoing clinical trials recruit-
ing patients diagnosed with MpBC.

Conclusion
Despite the rarity of MpBC, there are well-established
molecular drivers of this aggressive chemoresistant sub-
type, that is, frequently triple negative. In addition to
standard treatments, targeting these molecular alter-
ations, either as monotherapy or in combination, is war-
ranted to improve the dismal prognosis of these
patients. Innovative strategies targeting PI3K and NOS
as well as immunotherapy and radiation should be tested
as rational therapies in patients with MpBC.
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