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Background: Metaplastic carcinoma of the breast with mesenchymal
differentiation (MCMD) is a type of metaplastic breast carcinoma (MpBC) that is
very rare and aggressive. The present case provides valuable information for
clinicians on this MpBC.

Case presentation: A 41-year-old woman visited our hospital for a palpable
painless mass in the left breast. Core needle biopsy (CNB) was performed, and
the pathological result was infiltrating ductal carcinoma. Epirubicin (100 mg/m?)
+ cyclophosphamide (600 mg/m?) for four cycles was given. Color Doppler
ultrasound examination indicated no obvious change in the size of the left breast
mass. We changed to paclitaxel (175 mg/m?) for two cycles. Re-examination on
April 26, 2018 with color Doppler ultrasound indicated that the tumor diameter
increased to 8.39 cm x 8.07 cm X 6.19 cm. Radical resection of the left breast
carcinoma was performed on June 04, 2018. The postoperative pathological
results showed that the left breast tumor was composed of carcinoma and
sarcoma components, without nerves and vascular invasion. The
immunohistochemistry results were as follows: ER: (=), PR: (=), HER2: (=), CK5/
6 (+), CK7: (+), E-cadherin (+), Ki67: 40% (+), P120: (+), P53 diffuse +, P63: (+), and
S100 partially positive, GATA-3: (+). Four cycles of vinorelbine (25 mg/m?) +
cisplatin (40 mg/mz) were performed after the operation. Enhanced CT indicated
a 6.0 cm X 4.6 cm mass in the liver on January 1, 2019 through regular review,
and liver lobectomy confirmed that metastasis originated from sarcoma
components, together with bone and cartilage differentiation. The
immunohistochemistry results indicated the following: ER (=), PR (=), GATA-3
(-), CD34 (+), P63 (=), CK8 (=), P40: (-), and vimentin: (+). The patient received
oral anlotinib 12 mg once a day, with 2 weeks on/1 week off for eight cycles. The
patient survived and showed no signs of recurrence at the follow-up visit.
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Conclusion: This case indicated that CNB may not always give an accurate
diagnosis for MCMD. Neoadjuvant chemotherapy with epirubicin,
cyclophosphamide, or paclitaxel for MCMD may not be effective for patients
showing no sensitivity to these drugs. In addition, regular postoperative follow-
up plays an important role in the early detection of remote metastasis, and timely
surgical excision of a single metastatic lesion in the liver can lead to long-term
progression-free survival (PFS).

breast oncology, metaplastic carcinoma, neoadjuvant chemotherapy, mastectomy,

thoracic oncology

Introduction

Metaplastic breast carcinoma (MpBC) is a rare subtype of breast
cancer, defined as mammary carcinoma with squamous or
mesenchymal differentiation, that may include spindle cell,
chondroid, osseous, or rhabdomyoid differentiation patterns (1),
accounting for 0.2%-1% of breast carcinomas (2). MpBC patients
had worse prognosis than those with triple-negative breast cancer
(TNBC). In a multivariate analysis, MpBC had approximately twice the
risk of local recurrence than TNBC (3). However, it was reported that
MpBCs correlated with improved progression-free survival (PFS) and
overall survival (OS) compared to TNBC (4). Data about treatment
options and outcomes are still controversial for this rare disease.
MpBCs could be histologically classified into six distinct groups
based on the World Health Organization 2019 classification of breast
tumors: (i) low-grade adenosquamous carcinoma, (ii) fibromatosis-like
metaplastic carcinoma, (iii) spindle cell carcinoma, (iv) squamous cell
carcinoma, (v) metaplastic carcinoma of the breast with mesenchymal
differentiation (MCMD), which included chondroid, osseous, and
other types of mesenchymal differentiation, and (vi) mixed
metaplastic carcinoma (5).

Due to a rare subtype of breast cancer that affects only a small
proportion of breast cancer patients, no clinical trials exist in
particular. Therefore, treatment options for MpBC require further
accumulation of experience (6). Due to its rarity, evidence for MpBC
is primarily derived from case reports, case series, and retrospective
analysis. MCMD displays with osseous/chondroid differentiation and
is rare with great challenges in diagnosis and treatment (7). Here we
report a 41-year-old female patient diagnosed with MCMD and try to
supply valuable information for this rare disease.

Clinical data

The Ethics Committee of Taihe Hospital Affiliated to Hubei
University of Medicine approved the protocol, and written informed
consent was provided by the patient involved. The patient, xxx
(represent the patient name), a 41-year-old woman, presented with
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“left breast mass more than 1 month ago.” On January 20, 2018, she
visited the Breast Surgery Department of Taihe Hospital, Hubei
University of Medicine. In the past 1 month, she felt that the lump
was larger than before without any pain or nipple discharge. The
patient denied a history of hypertension and any drug allergies. Upon
clinical physical examination: a hard mass approximately 4.0x3.0 cm
could be detected in the left lower outer quadrant 4 cm away from the
nipple, without obvious tenderness. The surface was uneven, the
boundary was unclear, and the range of motion was limited. No
abnormality exists in the contralateral breast, and no obvious mass in
the bilateral axilla was observed. The ultrasound examination on
January 22, 2018 revealed a hypoechoic mass measuring 40 mm x 35
mm x 24 mm in the left outer lower quadrant of the breast, classified
as BIRADS (breast imaging reporting and data system) VIa
(Figure 1A). Core needle biopsy (CNB) was performed at our
hospital, and the pathological report indicated infiltrating ductal
carcinoma (IDC), with tumor cells exhibiting mild morphology
and mild atypia (Figure 1B). The immunohistochemistry results
showed ER positive at 30%, moderate; PR positive at 10%,
moderate; and Ki-67 (labeling index: approximately 50%), and
HER-2 was negative (Figure 1C-F). No distant metastases were
found in the brain, liver, or lung upon computed tomography (CT)
examination. Preoperative neoadjuvant chemotherapy was
administered, consisting of four cycles of epirubicin (100 mg/m®) +
cyclophosphamide (600 mg/m?). The color Doppler ultrasound
examination indicated no obvious change about the size in the left
breast mass. Then, we changed to paclitaxel (175 mg/m?) for two
cycles. At re-examination on April 26, 2018 with color Doppler
ultrasound, the tumor diameter in the left breast increased to 8.39 x
8.07 x 6.19 cm, with irregular shape, punctiform strong echo, and
axillary lymph nodes at 12 x 7 mm (Figure 2A). Surgery was
performed as decided.

Radical resection of the left breast carcinoma was performed on
June 4, 2018. The postoperative pathological examination indicated
that the left breast tissue was completely removed (Figure 2B). The size
of the mass was 8.5 cm x 8.0 cm x 6.2 cm, and the section was gray and
slightly hard. The tumor was composed of two components—
carcinoma and sarcoma components—displayed with obvious
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A breast mass in the left breast was biopsied; immunohistochemistry results. (A) Breast US images revealed a hypoechoic irregular mass in the left
breast, with a size of about 40 x 35 x 24 mm. The boundary was uneven, and no strong punctate echo was observed. (B) Core needle biopsy of the
mass (H&E, x200); tumor cells displayed with a cord-like pattern, with some in a nest-like arrangement. The tumor cell nuclei are large, and
scattered mitotic images could been observed. Dense fibrous connective tissue in the tumor stroma, eosinophilic staining, and lymphocytes could
be observed around. Scale bar = 50 pm. (C) The positive staining of Ki-67 in cells is about 50% (x200). Scale bar = 50 ym. ER30%, moderate; PR10%,

moderate; HER2 was negative (x200). Scale bar = 50 um (D-F).

mitotic images and nuclear polymorphism of unusual cellular or
stromal components (Figure 2C). The immunohistochemistry results
were as follows: ER: (-), PR: (-), HER-2: (-), CK5/6 (+), CK7: (+), E-
cadherin (+), Ki67: (Labeling index: about 40%), P120: (+), P53 diffuse
+, P63: (+), S100 partially positive, and GATA-3: (+). Four cycles of
vinorelbine (25 mg/mz) + cisplatin (40 mg/mz) regime were performed
after operation.

Enhanced CT revealed a 6.0 x 4.6-cm mass in the right lobe of
the liver on January 1, 2019 during the follow-up day (Figure 3A).
Liver lobectomy was performed and confirmed the metastasis
(Figure 3B). The H&E examination demonstrated that the
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metastasis was originated from sarcoma components (Figure 3C).
The tumor formed with bone and cartilage differentiation, and bone
trabeculae have been observed without nerves and vascular
invasion. The immunohistochemical results indicated the
following: ER (-), PR (-), GATA-3 (-), CD34 (+), P63 (-), CK8
(-), P40: (-), vimentin: (+), and Ki-67 (labeling index: about 50%),
which confirmed that the metastasis originated from sarcoma
components (Figures 3D-F). The patient received oral anlotinib
12 mg once a day, with 2 weeks on/1 week off for 8 cycles. The
patient still survived without any new sign of recurrence until the
follow-up day.
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Breast mastectomy and H&E staining result of the tumor. (A) Breast US images revealed a hypoechoic irregular mass in the breast left upper
quadrant, with a size of about 8.39 x 8.07 x 6.19 cm. (B) Whole excised tissue of the left breast. The mass was completely moved out with breast
mastectomy. (C) The tumor was composed of two components: carcinoma and sarcoma components. The tumor cells in the cancer area are
epithelial-like, locally nested, nuclear vacuolated, and scattered mitotic images. The tumor cells in the sarcoma area are scattered, of varying sizes,
round or oval, and with large, vacuolar nuclei. Multinucleated tumor giant cells are often observed, and mitotic images are more common showing
moderate to marked nuclear pleomorphism. Scale bar = 50 pm (H&E, x200).

Discussion

Classification of MpBC

MpBC is a group of heterogeneous malignancies characterized
by non-glandular differentiation of the breast tissue, including
osseous, sarcomatous, or squamous histology (8). The presence of
distinct antigens, such as cytokeratins (34BE12, CK5/6, CK14, and
CK17), luminal cytokeratins (CK8/18, CK7, and CK19), and
vimentin (mesenchymal cells) or myoepithelial cell markers (S-
100 protein, actin, and high-molecular-weight cytokeratin) could
establish the differentiated diagnosis of MpBC (9). MpBCs are
classified as monophasic (only one metaplastic component) or
biphasic (both metaplastic and non-metaplastic components)
tumors. The former includes pure spindle cell carcinoma (SpCC)
and squamous cell carcinoma (SqCC), and the latter includes mixed
MpBC and MCMD (10).

However, the classification of different subtypes of MpBC could
be quite challenging. Several studies suggest that SqCC is the most
commonly encountered subtype of MpBC (11). MCMD is a type of
MpBC displayed with osseous and/or chondroid differentiation. It is
demonstrated that the mesenchymal subtype was significantly
associated with worse 5-year disease-free survival and disease-
specific survival (12).

Diagnosis of MpBC

It is well established that CNB is the gold standard for the
differential diagnosis of breast lesions, with both high sensitivity and
specificity (13). However, it poses significant diagnostic challenges
for MpBC by CNB, as the pathological diagnosis of MCMD requires
the demonstration of epithelial and heterologous (chondroid or
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osseous) (14). Usually, MCMD does not express ER, PR, or HER2;
thus, it can often be evaluated as a subgroup of TNBC (15). ER,
PR, or HER2 could also expressed in MpBC. This is in line with our
CNB immunohistochemistry results which appeared with 30% ER
expression (16). However, the postoperative pathological examination
and immunohistochemistry results of the left breast tumor showed
ER: (-), PR: (-), and HER-2: (-). The hormone receptors in the CNB
results were different from the postoperative pathological examination.
This should relate to tumor heterogeneity.

In our case, the initial diagnosis was IDC by CNB, the reason
might be that CNB had not gained enough tissues that contained
stromal components, so a ductal or lobular adenocarcinoma was
diagnosed. Our results indicated the diagnostic limitations of biopsy
in rare histological subtypes and reminded clinicians to remain
vigilant for the potential histological heterogeneity. Even this is very
infrequent; the clinician should be aware of this complexity.

Neoadjuvant and systemic chemotherapy
of MpBC

The role of neoadjuvant chemotherapy (NAC) in this setting
remains unclear as MpBCs are relatively chemotherapy-refractory.
Henessy et al. reported a low rate of 10% for pathological complete
response (pCR) in patients with MpBCs following neoadjuvant
chemotherapy (17). Han et al. reported 17% patients who achieved
PCR in MpBCs received neoadjuvant chemotherapy (18). However,
another study indicated that 23% of pCR rate was observed in
MpBC patients and suggested that NAC should be considered (19).
Systemic therapy and/or radiotherapy (RT) have been considered as
components of the definitive treatment in most MpBC patients due
to the negative prognosis associated with the histology and the
increased likelihood of advanced-stage disease at presentation (2).
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Liver metastasis was excised; immunohistochemistry results. (A) Enhanced CT indicated a 6.0 x 4.6-cm mass in the right lobe of the liver. (B) Whole
excised hepatectomy tissue. (C) The tumor was composed of sarcoma components. The tumor cells are scattered, of varying sizes, round or oval,
and with large and vacuolated nuclei. Displayed with obvious mitotic images and nuclear polymorphism. Multinucleated tumor giant cells are often
observed, and mitotic images are common, with one to four small nucleoli. HGE, x200. Scale bar = 50 pm. (D) Ki67 positive staining was about 50%
in the nucleus in sarcoma components (x200). (E) CD34 was positive in stromal tissue (x200). Scale bar = 50 um. (F) Positive staining with vimentin
in the membrane and nucleus was observed in sarcoma components (x200). Scale bar = 50 pm.

Studies have demonstrated variable responses to systemic
therapy. It is reported that some MpBC cases responded poorly
to systemic chemotherapy and had a poor prognosis, while some
demonstrated better outcomes with chemotherapy (20, 21). As far
as systemic therapy is concerned, several studies emphasized that
the response of an appropriate chemotherapy regime depends on
the histological type of MpBCs (22-24). As shown in Table 1, Chen
et al. reported a modest response to taxane-based therapy (25).
Moreover, cases with a squamous epithelial component showed a
good response to paclitaxel and cisplatin-based chemotherapy
regimens, while cases with sarcomatous elements responded to
doxorubicin and ifosfamide-based regimens (26-30). In our
patient, the tumor diameter suddenly increased even if
doxorubicin, ifosfamide, or paclitaxel chemotherapy was given.
This demonstrated that it was chemotherapy-refractory to these
drugs. Our case report demonstrated that MCMD might be
completely chemotherapy-refractory, which is inconsistent with
the sensitive results mentioned earlier. This supplied valuable
treatment experience for chemotherapy for this disease.

MpBC liver metastasis

MpBC shows a tendency for early hematogenous spread to
distant organs such as the lung, liver, and bone, while local
recurrence is also quite frequent (31). On the contrary, the rates
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of axillary metastasis might vary depending on tumor morphology.
The hematogenous spreading route is particularly more common in
subtypes with predominant sarcomatoid carcinoma in the
spectrum. Acar et al. reported that the risk of distant metastasis
was higher in MpBC patients than in patients with ductal or lobular
adenocarcinomas, while the risk of lymph node involvement was
lower in MpBC patients (32). Yamaguchi et al. studied the
prognosis of 53 cases of distinct subtypes of MpBC and showed
that patients with high-grade spindle carcinoma or squamous
carcinoma were at a higher risk of recurrence and developing
distant metastasis compared to patients with other MpBC
subgroups (33). Only four cases of MpBC with pulmonary
metastasis have been reported (34). It has been reported that
approximately 50% of MpBC patients develop distant metastasis
after the primary surgery, with lung and brain being the organs
most commonly involved (35).

In our case, the patient developed liver metastasis, while axillary
lymph node was not involved. The pathological examination results
confirmed that the metastasis was of sarcoma components. Our
results revealed that MCMD had the potential to undergo
hematogenous metastasis to the liver. When cancer cells from the
primary tumor acquired mesenchymal characteristics, they exhibit
enhanced migratory capabilities and increased resistance to
conventional therapies (36).

Clinicians and researchers must remain vigilant about the
potential for hematogenous spread in patients diagnosed with
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TABLE 1 Chemotherapy regime responses on the histological type of MpBC.

Author Subtype of MpBC Age
Chen et al,, 2011 (25) SCC 48
SCC 47
Haruko Takuwa et al., 2014

26) MCMD 59
Pandey A et al., 2019 (23) SCC 39
Alan O et al, 2019 (27) SCC 72
Vranic S et al., 2020 (28) SpCC 42
Noro A et al., 2022 (29) Ne® 40
Tower A et al., 2023 (22) Mixed MBC 68

Huang C et al,, 2023 (24) MCMD
Fouad Nahhat et al., 2024 (30) SpCC 40

10.3389/fonc.2025.1437887

Chemotherapy drug Sensitivity
Vinorelbine + cisplatin Resistant
Epirubicin + cyclophosphamide Resistant
Doxorubicin + cisplatin + cyclophosphamide Near pCR
Doxorubicin + cyclophosphamide + taxol pCR
Weekly paclitaxel+ epiArubicin + pCR
cyclophosphamide
Cisplatin Resistant
Paclitaxel pCR
Adriamycin + cyclophosphamide + taxol Near pCR
Docetaxe + epirubicin + cyclophosphamide Resistant
Adriamycin + cyclophosphamide pCR

SCC, squamous cell carcinoma; MCMD, metaplastic carcinoma of the breast with mesenchymal differentiation; SpCC, spindle cell carcinoma; mixed MBC, mixed metaplastic carcinoma; pCR,

pathological complete response.

MCMD. In our patient, the metastatic lesion in the liver was excised
successfully, and there was no other metastasis lesion identified
until the follow-up day. These suggest that regular monitoring
could aid in detecting liver metastasis at an early stage, and
timely operation should be adopted when a single metastatic
lesion happened in the liver.

Mastectomy on MpBC

MpBC patients usually present with a large breast mass, which
indicates a locally advanced disease, and typically patients are not
candidates for breast-conserving surgery. The prognosis of MpBC is
even poorer compared to TNBC. A study comparing the outcomes
of 5,142 MpBC and 50,705 TNBC patients suggested that the 5-year
overall survival rate of MpBC was 55%, which was less than that of
TNBC with an overall survival rate of 72% (37). Therefore, modified
radical mastectomy or mastectomy with or without axillary
dissection could be implemented (27).

In our patient, the tumor diameter increased to 8 cm suddenly,
modified radical mastectomy was adopted, and no recurrence was
observed in the breast or axilla in the later time. These suggest that
mastectomy was necessarily carried out promptly even if the tumor
diameter was large enough.

Molecular mechanisms on MpBC

It was observed that distinct transcriptomic alterations such as
hypoxia-related and immune-related genes contributed to the
pathogenesis in MpBCs (36). Significant heterogeneity in the
expression of PD-L1 in spindle and squamous cell carcinoma
subtypes might be a more promising immunotherapy target (38). A
case of a 71-year-old female patient with high-grade MpBC
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successfully achieved a complete pathologic response using
pembrolizumab, paclitaxel, carboplatin, adriamycin, and
cyclophosphamide in the manner previously reported by the Phase
III Keynote-522 clinical trial (39). The effect of ipilimumab and
nivolumab that dually targeted CTLA-4 and PD-1 was associated
with exceptional responses in a subset of patients versus no activity.
This combination warrants further investigation in MpBC, with
special attention to understanding the mechanisms (40).

The epithelial-mesenchymal transition (EMT) had participated
in the malignant progression of MpBC. The aberrant expression of
Snail, a transcription factor that downregulates epithelial genes and
is mostly observed in metaplastic carcinomas with chondroid
difference, leads to changes in epithelial architecture and
induction of EMT and increases the risk of carcinogenesis and
metastasis (41). In our patient, a high level of vimentin was
observed in liver metastasis lesions, and this demonstrated that
the sarcoma components in MCMD acquired metastasis ability
through EMT.

Several mutations have been identified in MpBC—for example,
p53 plays significant roles in cell cycle disruption and
carcinogenesis, leading to a more aggressive phenotype and drug
resistance in MpBC (38). Somatic mutations in genes such as p53,
phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit
alpha (PIK3CA), breast cancer gene (BRCA), DNA topoisomerase
IT alpha (TOP2A), or more rarely phosphatase and tensin homolog
(PTEN) have also been related to MpBC development (42).
Furthermore, activation of the Wnt/B-catenin signaling pathway,
which has been associated with dysregulated immune responses and
cell cycle disruption, has been observed in MpBC cases (43). In our
case presentation, high levels of p53 and vimentin have been
observed. This suggested the high malignancy of MpBC. These
molecular findings suggested not only a novel pathway of
carcinogenesis but also potential therapeutic targets specific to
each MpBC pathological subtype.
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Conclusion

In summary, MpBC presents very rare, unique features which
differentiate it from ductal carcinoma of the breast. The diagnosis
should be confirmed by immunohistochemistry, which also plays a
crucial role in the classification of subtypes. Even if she had not
responded to neoadjuvant or systemic chemotherapy, our patient
successively acquired primary breast surgery and liver metastasis
lesion excision, with no recurrence happening until the follow-up
day, which implied important clinical information for this disease.
However, this is the therapeutic experience of only one patient. This
could not reflect the whole properties of this disease. Further studies
are necessary to fully comprehend the complexities of this disease
and to devise effective interventions. Better understanding of the
molecular pathways involved in cancer development would
contribute to the development of individualized therapy.
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