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Abstract 

Objective

Metaplastic breast carcinoma is a rare type of breast carcinoma, and there are limited 

data about the magnetic resonance imaging (MRI) findings of metaplastic carcinoma. 

This study evaluates the MRI characteristics and prognostic outcomes across meta-

plastic carcinoma subtypes.

Materials and Methods

In this retrospective cohort study, a total of 29 patients with histologically confirmed 

metaplastic carcinoma from 2011 to 2019 were enrolled. Clinical, pathological, 

and follow-up data, focusing on disease-free (DFS) and overall survival (OS), are 

recorded. Breast MRI findings were analyzed and categorized based on BI-RADS 5th 

edition.

Result

Among the participants, 19 had squamous carcinoma, 8 had metaplastic carcinoma 

with mesenchymal differentiation, and 2 had unclassified subtypes. The most com-

mon findings were a solitary mass (75.8%), high T2 signal (51.7%), and heterog-

enous enhancement (65.5%) with a washout kinetic curve (86.2%). The apparent 

diffusion coefficient (ADC) values in the metaplastic carcinoma with mesenchymal 

differentiation group were significantly higher (mean 1.83 +/- 0.50 x 10-3 mm2/s) in 

comparison with the squamous carcinoma group (mean 1.12 +/- 0.21 x 10-3 mm2/s). 

The cut-off point of the ADC value was 1.53x10-3 mm2/s, with a sensitivity of 71.4% 

and a specificity of 100% (AUC = 0.937). The five-year DFS and OS rates were 63% 
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and 79% across the board, 78% and 89.5% in the squamous group, and 50% and 

53% in the mesenchymal differentiation group, respectively,

Conclusion

Metaplastic breast carcinoma is a diverse and aggressive malignancy with variable 

prognosis. Our findings indicate that mesenchymal differentiation is characterized by 

higher ADC values and correlates with a worse prognosis.

Introduction

Metaplastic carcinoma is a rare subtype of breast cancer, accounting for 0.2–5% of 
all invasive breast carcinomas. Histologically, it is characterized by the presence of 
two or more malignant cell types, often a combination of epithelial and mesenchymal 
components, although a pure form with mesenchymal components can also exist. 
According to the most recent WHO classification, metaplastic carcinoma is catego-
rized into several morphological subtypes, including low-grade adenosquamous car-
cinoma, fibromatosis-like metaplastic carcinoma, spindle cell carcinoma, squamous 
cell carcinoma, metaplastic carcinoma with heterologous mesenchymal differentia-
tion, and mixed metaplastic carcinoma [1].

Due to the rarity of the metaplastic carcinoma, there are limited data correlating 
the imaging findings with clinical presentation, histopathology, and prognosis. Meta-
plastic breast carcinomas are known to exhibit distinct biological behaviors compared 
to ductal carcinomas of no special type [2]. They tend to present as larger tumors, 
are more likely to be triple-negative breast carcinomas (TNBC), exhibit resistance 
to chemotherapy, have a higher rate of hematogenous spread, and carry a poorer 
prognosis [3,4].

Early and accurate diagnosis of metaplastic carcinoma is crucial for survival. The 
rarity and lack of established imaging hallmarks make diagnosis a significant clini-
cal challenge, as metaplastic carcinoma can be easily misidentified or overlooked 
in routine breast imaging [5–7]. On mammography, metaplastic carcinoma typically 
appears as an oval or round high-density mass with circumscribed or indistinct 
margins and usually lacks microcalcifications, features more suggestive of a benign 
lesion or a common fibrocystic change. Similarly, ultrasound often shows a solid, 
hypoechoic mass that may have a well-defined, lobulated outline, sometimes mim-
icking a fibroadenoma. Therefore, breast magnetic resonance imaging (MRI) has 
been used increasingly during the last decade due to its ability to reveal both the 
morphologic structure and the kinetic properties of the lesion [8,9]. Diffusion-weighted 
imaging (DWI) is a non-contrast MRI technique based on the free movement of water 
molecules in the extracellular space and reflects tissue cellularity [10,11]. The motion 
of water molecules is more restricted in tissues with high cellularity and less restricted 
in areas of low cellularity. Additionally, diffusion-weighted imaging (DWI) enables 
the quantitative assessment of water diffusion by utilizing the apparent diffusion 
coefficient (ADC). Breast cancer usually presents with a restricted diffusion of water 
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molecules which leads to having a lower ADC value as compared to normal breast tissue and benign lesions of the breast 
[12,13].

Therefore, this retrospective study aims to assess the magnetic resonance imaging features of metaplastic carcinoma, 
evaluate surgical management and final pathological findings, and analyze the prognosis of metaplastic carcinoma over 
the past decade.

Materials and methods

Study population

The study was conducted in accordance with the Declaration of Helsinki (as revised in 2013). The institutional review 
board granted approval for this study (IRB No. 230102). Due to the retrospective nature of the data analysis, the IRB 
waived the requirement for signed informed consent. The data were accessed for research purposes on 2024/07/14. 
Throughout and after data collection, the authors had no access to any information that could identify individual 
participants.

A retrospective review of 7876 histopathologically proven breast cancer cases diagnosed at our hospital between 
January 2011 and December 2019, revealed 38 cases (0.5%) of pathologically proven metaplastic breast carcinoma. The 
study excluded 5 patients who did not have a breast MRI and 4 patients who received tumor excisions prior to their breast 
MRI, resulting in 29 patients with metaplastic breast carcinoma being enrolled in the study (Fig 1).

The review included the collection of basic clinicopathologic information from the electronic medical record and the 
database of the cancer center, including patient age; body mass index; tumor type, grade, and size; biomarker profiles, 
including hormone receptor (HR) and human epidermal growth factor receptor 2 (HER2) status; Ki-67 proliferation index; 
disease free survival (DFS); overall survival (OS).

DFS is defined as the time from the date of the last surgical intervention until the onset of any disease recurrence, 
which includes both distant metastases and local recurrences, or death due to any cause. OS is the period from when the 
disease is first diagnosed to the occurrence of death from any cause.

Fig 1.  Flowchart of this study on metaplastic breast carcinoma. Out of a total database of 7,876 patients, 38 patients (0.5%) were identified with 
metaplastic breast carcinoma. Among these, 29 patients were enrolled in the study. The enrolled patients were then categorized into subtypes of met-
aplastic breast carcinoma: 19 patients (65.5%) with squamous carcinoma, 8 patients (27.6%) with carcinoma with mesenchymal differentiation, and 2 
patients (6.9%) with an unknown subtype.

https://doi.org/10.1371/journal.pone.0323541.g001

https://doi.org/10.1371/journal.pone.0323541.g001
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Pathological findings

Using hematoxylin and eosin (H&E) staining, the updated fifth edition [2019] of the World Health Organization (WHO) 
classification of breast tumors distinguishes MBC into six subtypes: low-grade adenosquamous carcinoma, fibromatosis-
like metaplastic carcinoma, spindle cell carcinoma, squamous cell carcinoma, metaplastic carcinoma accompanied by 
heterologous mesenchymal differentiation, and mixed metaplastic carcinoma [1].

Using H&E staining along with immunohistochemistry (IHC) to assess HR status and HER2 status, which includes 
HER2 gene amplification evaluated by fluorescence in situ hybridization (FISH) and/or HER2 protein expression deter-
mined by IHC. The breast cancers in the study were classified into four distinct subtypes. These subtypes include HR-
positive/HER2-negative, HR-positive/HER2-positive, HR-negative/HER2-positive, and HR-negative/HER2-negative, the 
latter being categorized as TNBC.

MRI image acquisition and interpretation

All the patients received breast MRI within 2 weeks before operation. All breast MRI examinations were performed on a 3 
Tesla MRI scanner (Verio, Siemens AG) with a 16-channel dedicated bilateral breast surface coil, and the MRI protocol was 
as follows: axial T1-weighted imaging (T1WI) and fat-suppressed T2-weighted imaging (T2WI) images; DWI imaging with 
a spin-echo, single-shot echo planar imaging sequence with three b values (b = 0, 400, 800 s/mm2); gadobutrol injection 
(Gadovist; Bayer Healthcare, Berlin, Germany) was used as the contrast enhancement agent at a dose of 0.1 ml/kg body 
weight and a rate of 2 ml/s, followed by an injection of saline; and axial 3D fat-saturated T1WI was performed after injection.

The breast MRI findings were retrospectively reviewed in consensus interpretations with 5th American College of 
Radiology breast imaging reporting anad data system (ACR BI-RADS) lexicon by two board-certificated radiologists who 
were experienced in breast imaging (who had more than 15 years and 5 years experiences of breast MRI) [14]. The 
reviewers were blinded to patients’ clinicopathologic information, and final pathologic outcome. Measurement of tumor 
size by MRI and ADC value was based on using a commercially available MRI computer aid diagnosis (CAD) system with 
computer-based tumor segmentation by DynaCAD Version 2.1 (Philips Healthcare).

ADC values were obtained by manually placing several regions of interest (ROIs) within each lesion on the ADC map. 
ROIs were carefully drawn to encompass the most solid and cellular portions of the tumor, based on visual inspection of 
the ADC maps in conjunction with dynamic contrast-enhanced MRI (DCE-MRI) as a reference.

For each lesion, multiple ROIs were placed—typically on the slice showing the largest tumor cross-section—while 
avoiding areas of necrosis, cystic degeneration, and hemorrhage. Among the ROIs drawn, the one with the lowest ADC 
value was selected for analysis.

Statistical analysis

Data analysis was performed using SPSS 22.0 software (IBM Corp., Chicago, IL, USA). Continuous variables were summa-
rized using means with standard deviations or medians with ranges, as appropriate; categorical variables were presented as 
frequencies and percentages. Group comparisons for imaging and clinicopathologic characteristics were conducted using 
Chi-squared or Mann-Whitney tests. A receiver operating characteristic (ROC) curve was employed to determine the cut-off 
ADC value, along with corresponding sensitivity and specificity levels. DFS and OS were calculated with the Kaplan–Meier 
method, and groups were compared using the log-rank test. The Cox proportional hazards model was used to identify fac-
tors influencing OS and DFS. Statistical significance was defined as a two-tailed P-value of less than 0.05.

Results

Clinicopathological characteristics of the patient cohort

28 (96.6%) women and 1 (3.4%) man were enrolled in this study. The baseline clinical features and pathological subtypes 
of these patients are shown in Table 1. The median age of the patients was 56 years (range, 29–69 years). Tumor sizes 
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Table 1.  Clinical and pathologic characteristics of patients with metaplastic breast carcinoma.

Characteristics N (%)

Gender

Female 28 (96.6%)

Male 1 (3.4%)

Median Age at diagnosis (year) 56 (29-69)

Median follow-up period (mons) 27 (4-130)

BMI

<25 kg/m2 22 (75.9%)

25-29 kg/m2 6 (20.7%)

>= 30 kg/m2 1 (3.4%)

Tumor size measured on breast MRI

<2 cm 5 (17.2%)

2-5 cm 18 (62.1%)

>=5 cm 6 (20.7%)

Pathologic tumor size

<=2 cm 3 (10.3%)

2-5 cm 21 (72.4%)

> 5 cm 5 (17.2%)

Pathologic lymph node metastases
Negative

19 (65.5%)

Positive 10 (34.5%)

AJCC stage

I 3 (10.3%)

II 22 (75.9%)

III 2 (6.9%)

IV 2 (6.9%)

Histologic subtypes

Squamous cell carcinoma 19 (65.5%)

Metaplastic carcinoma with mesenchymal differentiation 8 (27.6%)

Unknown 2 (6.9%)

Triple-negative breast cancer 19 (65.5%)

Non-triple negative breast cancer

HR + and Her-2+ 0 (0%)

HR- and Her-2+ 5 (17.2%)

HR + and Her-2- 5 (17.2%)

Ki-67

Low (<20%) 2 (6.8%)

High (>=20%) 21 (72.4%)

Unknown 6 (20.7%)

Type of Surgery

Breast conserving surgery 10 (34.5%)

Mastectomy 17 (58.6%)

Not done 2 (6.9%)

https://doi.org/10.1371/journal.pone.0323541.t001

https://doi.org/10.1371/journal.pone.0323541.t001
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measured on breast MRI showed that 5 (17.2%) had tumors smaller than 2 cm, 18 (62.1%) had tumors between 2–5 cm, 
and 6 (20.7%) had tumors larger than 5 cm. Pathologic lymph node metastases were negative in 19 (65.5%) of patients 
and positive in 10 (34.5%). The mean tumor size measured on MRI was 4.2 ± 2.4 cm, while the mean pathological size 
was 3.5 ± 2.0 cm, with MRI tending to slightly overestimate the tumor size. The intraclass correlation coefficient was 0.744, 
indicating moderate concordance between imaging and pathological measurements. The AJCC staging of the cancers 
varies, with 3 (10.3%) at stage I, 22 (75.9%) at stage II, 2 (6.9%) at stage III, and 2 (6.9%) at stage IV. Triple-negative 
breast cancer was present in 19 (65.5%) of the patients. Triple-negative breast cancer was present in 19 (65.5%) of the 
patients, while HR- and HER2 + and HR + and HER2- were both observed in 5(17.2%) of the cases. The Ki-67 proliferation 
index was high (≥20%) in 21 (72.4%) of patients, low (<20%) in 2 (6.8%), with 6 (20.7%) unknown.

The histological features of metaplastic carcinomas are shown in Table 2. Nineteen cases (70.3%) had squamous 
differentiation, which was the most common subtype. 8 patients demonstrated mesenchymal components, which were 
subclassified according to their dominant histologic patterns.

Table 3 presents a comparison of clinical and pathologic characteristics between patients with squamous carcinoma 
(n = 19) and those with metaplastic carcinoma with mesenchymal differentiation (n = 8). Patients in the mesenchymal 
differentiation group tended to be younger at diagnosis (mean age 48.9 ± 9.2 years) than those in the squamous group 
(54.9 ± 11.2 years), though this difference was not statistically significant (p = 0.183). Tumor size was significantly larger in 
the mesenchymal differentiation group (5.2 ± 2.2 cm) compared to the squamous group (2.9 ± 1.3 cm; p = 0.002). No signifi-
cant differences were observed in lymph node metastasis rates between the two groups (p = 0.824). Triple-negative breast 
cancer status was common in both groups, with 12 of 19 patients (63.2%) in the squamous group and 7 of 8 patients 
(87.5%) in the mesenchymal group (p = 0.206).

MRI Findings

Tumors in patients with metaplastic carcinoma with mesenchymal differentiation were significantly larger (6.1 ± 3.1 cm) 
compared to those in patients with squamous carcinoma (3.6 ± 1.7 cm), with statistical significance (P = 0.034). Multifocality 
(having multiple foci) was not observed in the mesenchymal differentiation group, contrasting with 26.3% in the squamous 
carcinoma group, although this difference was not statistically significant (P = 0.280). The morphology was predominantly 
mass-type in both groups, with a significant presence in the mesenchymal differentiation group (100% vs. 73.7%). Shape 
and margins were equally distributed between irregular and round, and circumscribed and irregular, respectively, in the 
mesenchymal differentiation group, showing no significant difference from the squamous carcinoma group. Kinetic curve 
assessments in both initial and delayed phases did not significantly differ between the two groups, with most tumors 
showing fast initial phase kinetics and washout in the delayed phase. (As seen in Table 4, Figs 2–3)

ADC values were significantly higher in the mesenchymal differentiation group (1.83 ± 0.50 x10-3 mm2/s) compared to 
the squamous carcinoma group (1.12 ± 0.21 x10-3 mm2/s), indicating a statistical significance (P = 0.001). The analysis of 

Table 2.  Results of pathologic review in patients with metaplastic breast carcinoma (n = 27).

Histologic features N (%)

Squamous 19 (70.3%)

Osseous 2 (7.4%)

Matrix-producing 2 (7.4%)

Chondroid 1 (3.7%)

Sarcomatoid component 1 (3.7%)

Chondroid + spindle 1 (3.7%)

Chondroid + matrix producing 1 (3.7%)

https://doi.org/10.1371/journal.pone.0323541.t002

https://doi.org/10.1371/journal.pone.0323541.t002
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Table 4.  MRI findings of patients with metaplastic breast carcinoma.

Characteristics Squamous carci-
noma (n = 19)

Metaplastic carcinoma with mesen-
chymal differentiation (n = 8)

P value

Size (cm) 3.6 + /- 1.7 6.1 + /-3.1 0.034

Multifocality 0.280

MF or MC 5 (26.3%) 0 (0%)

Single 14 (73.7%) 8 (100%)

Morphology 0.280

Mass 14 (73.7%) 8 (100%)

Mass and NME 5 (26.3%) 0 (0%)

T2 signal 0.187

Hyper 9 (47.4%) 6 (75.0%)

Iso- to hyper 10 (52.6%) 2 (25.0%)

Peritumor edema 0.133

Yes 15 (78.9%) 4 (50.0%)

None 4 (21.1%) 4 (50.0%)

Internal enhancement 0.029

Heterogenous 11 (57.9%) 8 (100%)

Rim 8 (42.1%) 0 (0%)

Shape 0.516

Irregular 8 (42.1%) 4 (50%)

Round 11 (57.9%) 4 (50%)

Margins 0.516

Circumscribed 8 (42.1%) 4 (50%)

Irregular 11 (57.9%) 4 (50%)

Kinetic curve (Initial phase) 1.000

Fast 16 (84.2%) 7 (87.5%)

Medium 3 (15.8%) 1 (12.5%)

Kinetic curve (Delayed phase) 1.000

Plateau 2 (10.5%) 0 (0%)

Washout 17 (89.5%) 8 (100%)

ADC value 1.12 + /-0.21 1.83 + /-0.50 0.001

MF, multifocal; MC, multicentric; NME, non-mass enhancement; ADC, apparent diffusion coefficient.

https://doi.org/10.1371/journal.pone.0323541.t004

Table 3.  Clinicopathologic characteristics of patients with squamous carcinoma and metaplastic carcinoma with mesenchymal differentiation.

Squamous 
carcinoma (n = 19)

Metaplastic carcinoma with  
mesenchymal differentiation (n = 8)

P Value

Age at diagnosis (years) 54.9 ± 11.2 48.9 ± 9.2 0.183

Pathologic tumor size (cm) 2.9 ± 1.3 5.2 ± 2.2 0.002

Lymph nodes metastases 0.824

No 11 5

Yes 8 3

Triple negativity 0.206

No 7 1

Yes 12 7

https://doi.org/10.1371/journal.pone.0323541.t003

https://doi.org/10.1371/journal.pone.0323541.t004
https://doi.org/10.1371/journal.pone.0323541.t003
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Fig 2.  A 59-year-old female presented with a palpable mass in her right breast. After undergoing breast conserving surgery, the final pathology 
report revealed a grade III, ER-negative, PR-negative, and Her-2 positive squamous carcinoma. There were no axillary lymph node metastases iden-
tified. (1a-b) Breast MRI showed a dumbbell-shaped, heterogeneously enhancing mass with an irregular shape and margin, located in the upper outer 
quadrant of right breast. (1c) T2-weighted image showed iso- to hyper signal intensity of the tumor. (1d-e) the diffusion-weighted image showed hyperin-
tensity and the corresponding ADC value showed 1.49x10-3 mm2/s.

https://doi.org/10.1371/journal.pone.0323541.g002

Fig 3.  MRI findings in a 50-year-old female with metaplastic carcinoma with mesenchymal differentiation. (a-b) Axial Maximum Intensity Projec-
tion (MIP) and subtraction T1-weighted contrast-enhanced images display a large, round mass in the right breast, exhibiting heterogeneous enhance-
ment and a circumscribed margin. (c) The axial T2-weighted image shows the mass with high signal intensity. (d-e) The diffusion-weighted imaging 
(DWI) and the corresponding Apparent Diffusion Coefficient (ADC) map reveal a high ADC value of 2.04 x 10-3 mm²/s.

https://doi.org/10.1371/journal.pone.0323541.g003

https://doi.org/10.1371/journal.pone.0323541.g002
https://doi.org/10.1371/journal.pone.0323541.g003
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ROC curve determined ADC>= 1.53x10-3 mm2/s as the optimum cut-off value distinguishing metaplastic carcinoma with 
mesenchymal differentiation group and squamous carcinoma group, with a sensitivity of 71.4%, a specificity of 100%, and 
a very high diagnostic accuracy (AUC = 0.937, 95%CI: 0.833 to 1.000), as seen in Fig 4.

Overall survival

The mean OS was determined using Kaplan-Meier curves, with an overall duration of 102.8 ± 10.6 months. For 
specific histology types, squamous cell carcinoma showed a mean survival of 117.8 ± 8.6 months, while metaplastic 
carcinoma with mesenchymal differentiation exhibited a lower mean survival of 69.5 ± 24.8 months. The 5-year OS 
rate was 79% in the overall group, while 89.5% in the squamous cell carcinoma group and 53% in the metaplastic 
carcinoma with mesenchymal differentiation group and the hazard ratio (HR) of 1.79, though the difference was 
insignificant (P = 0.181).

Fig 4.  Receiver operating characteristic curve for distinguishing metaplastic carcinoma with mesenchymal differentiation from squamous 
carcinoma on ADC value, with the area under the curve (0.937, 95% confidence interval: 0.833 to 1.000).

https://doi.org/10.1371/journal.pone.0323541.g004

https://doi.org/10.1371/journal.pone.0323541.g004
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Considering the ADC cutoff value of 1.53x10-3 mm2/s, the mean overall survival for those with a lower ADC 
value was 102.5 ± 6.8 months, compared to 45.5 ± 13.5 months for those with a higher ADC value. The survival 
outcomes demonstrate statistically significant variations across different tumor stages, with survival rates declin-
ing as the disease progresses from stage I to the more advanced stages III and IV (P = 0.003). These findings are 
seen in Fig 5.

The Cox regression analysis for patients’ OS is presented in Table 5. Tumor size measured on breast MRI was asso-
ciated with increased probability of death (HR 4.77, CI 0.933–24.390, p = 0.043). No other risk factor was significantly 
related to patients’ OS.

Disease-free survival

Similarly, the DFS as estimated using Kaplan-Meier curves, was approximately 85.0 ± 11.5 months overall. Squamous cell 
carcinoma exhibited a longer mean disease-free time of 104.0 ± 11.8 months, in contrast to metaplastic carcinoma with 
mesenchymal differentiation, which had a significantly shorter mean disease-free time of 63.9 ± 17.2 months, although this 
difference was not statistically significant (P = 0.504). The 5-year DFS was 63% in the overall patient group, while 78% 
in the squamous cell carcinoma group and 50% in the metaplastic carcinoma with mesenchymal differentiation group. 
These findings are seen in Fig 6. The Cox regression analysis for patients’ disease-free survival is presented in Table 6. 

Fig 5.  Kaplan-Meier overall survival (OS) outcomes for patients with metaplastic breast carcinoma. (a) the OS curve for the study cohort. (b) the 
OS curve stratified by American Joint Committee on Cancer (AJCC) tumor stages. (c) the OS curve based on tumor size on the breast MRI. (d) the OS 
curve with different histological types of metaplastic breast carcinoma: squamous carcinoma versus metaplastic carcinoma with mesenchymal differenti-
ation. (e) the OS curve in relation to apparent diffusion coefficient (ADC) values, using a cut-off value of 1.53x10-3 mm²/s.

https://doi.org/10.1371/journal.pone.0323541.g005

https://doi.org/10.1371/journal.pone.0323541.g005


PLOS One | https://doi.org/10.1371/journal.pone.0323541  May 14, 2025 11 / 16

Table 5.  Cox regression analysis for Overall Survival (OS) in patients with metaplastic breast carcinoma.

Cox Regression Analysis

Patient Characteristic HR 95% CI P value

Age 0.988 0.902-1.083 0.802

BMI 1.302 0.312-5.444 0.717

Pathologic tumor size 4.563 0.812-25.659 0.085

Lymph node metastases 1.461 0.205-10.390 0.703

Histology 3.256 0.5287-20.081 0.181

Ki-67 > 20% 25.261 0.000-6592969.069 0.427

Tumor size on breast MRI 4.77 0.933-24.390 0.043

Multifocality on breast MRI 0.031 0.000-415.716 0.234

ADC value 3.832 0.537-27.361 0.180

HR: hazard ratio, CI: confidence interval, BMI: body mass index, ADC: apparent diffusion coefficient.

https://doi.org/10.1371/journal.pone.0323541.t005

Fig 6.  Kaplan-Meier disease-free survival (DFS) outcomes for patients with metaplastic breast carcinoma. (a) the DFS curve for the study cohort. 
(b) the DFS curve stratified by American Joint Committee on Cancer (AJCC) tumor stages. (c) the DFS curve based on tumor size on the breast MRI. (d) 
the DFS curve with different histological types of metaplastic breast carcinoma: squamous carcinoma versus metaplastic carcinoma with mesenchymal 
differentiation. (e) the DFS curve in relation to apparent diffusion coefficient (ADC) values, using a cut-off value of 1.53x10-3 mm²/s.

https://doi.org/10.1371/journal.pone.0323541.g006

https://doi.org/10.1371/journal.pone.0323541.t005
https://doi.org/10.1371/journal.pone.0323541.g006
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Increasing age is associated with a slight decrease in the risk of disease recurrence or progression, and this result is sta-
tistically significant, with the hazard ratio is 0.919 (P = 0.035).

When considering the ADC cutoff value of 1.53x10^-3 mm²/s, patients with a lower ADC value recorded a mean 
disease-free time of 83.3 ± 12.4 months, compared to 43.8 ± 13.3 months for those with a higher ADC value.

Specifically, Stage I disease showed a mean disease-free survival of 112 ± 0 months, Stage II disease had 96.6 ± 12.9 
months, and Stage III disease significantly dropped to 5.6 ± 1.8 months (P = 0.006). This highlights the critical impact of 
tumor stage on disease progression and patient outcomes.

Discussion

Metaplastic carcinoma of the breast is a rare subtype, accounting for approximately 0.5% of all breast cancer cases at our 
institution. This rate aligns with other studies, which report an incidence of 0.5% in the United States and 0.6% in Korea, 
with reported incidence rates ranging from 0.5% to 1.9% of all breast cancers globally [4,15,16]. It is characterized by 
poorly differentiated tumors with a heterogeneous histology, containing both mesenchymal and epithelial elements.(3) 
Metaplastic carcinoma is known for its clinical aggressiveness and generally poor prognosis. However, despite its aggres-
sive behavior, metaplastic carcinoma often exhibits benign features on standard imaging methods like mammography and 
ultrasonography [17–19]. Breast MRI has emerged as a promising tool to better differentiate metaplastic carcinoma from 
benign breast lesions [20,21]. To investigate this further, we conducted a retrospective analysis examining breast MRI 
findings and assessing the prognostic characteristics of patients with metaplastic carcinoma.

In this study, metaplastic carcinoma primarily affects middle-aged women, with a median age of 56 years (range, 
29–69) and with the average longest diameter of 4.2 + /- 2.4 cm. Consistent with previously reported studies, axillary node 
involvement is less common in these tumors due to their tendency to spread hematogenously rather than through the lym-
phatic system, with rates between 25–40% [22,23]. In our series, 10 (34.5%) of the patients had metastatic axillary lymph 
nodes. The triple negative rate of metaplastic breast carcinoma in clinical studies is reported to be between 48% and 
90.0% [24–26]. In our study, 19(65.5%) patients were found to have triple negative tumors. This high prevalence of triple 
negativity is consistent with previous findings, indicating that metaplastic carcinoma typically presents with more aggres-
sive characteristics compared to other breast cancer subtypes.

Squamous carcinoma represented two-thirds of the metaplastic carcinoma cases, while the remaining one-third exhib-
ited mesenchymal differentiation. Compared with squamous cell carcinoma, metaplastic carcinoma with mesenchymal 
differentiation typically presents larger tumors at diagnosis. Yao et al. found that the most prevalent subtypes of metaplas-
tic carcinoma were squamous carcinoma (52.8%) and metaplastic carcinoma with mesenchymal differentiation (30.6%), 

Table 6.  Cox regression analysis for Disease-Free Survival (DFS) in patients with metaplastic breast carcinoma.

Cox Regression Analysis

Patient Characteristic HR 95% CI P value

Age 0.919 0.858-0.984 0.035

BMI 0.644 0.157-2.643 0.541

Pathologic tumor size 2.077 0.546 -7.906 0.287

Lymph node metastases 2.291 0.544-9.642 0.258

Histology 1.656 0.369-7.434 0.511

Ki-67 > 20% 0.346 0.062-1.914 0.224

Tumor size on breast MRI 2.188 0.713-6.716 0.171

Multifocality on breast MRI 1.908 0.454-8.010 0.378

ADC value 2.014 0.477-8.512 0.341

HR: hazard ratio, CI: confidence interval, BMI: body mass index, ADC: apparent diffusion coefficient.

https://doi.org/10.1371/journal.pone.0323541.t006

https://doi.org/10.1371/journal.pone.0323541.t006
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a distribution similar to that of our cohort [17]. However, earlier studies have demonstrated variations in the distribution of 
these subtypes [3].

Of increasing interest is the role of breast MRI on the subtypes of metaplastic carcinoma. The mesenchymal differen-
tiation subtype tends to present with a mass with T2 hypersignal intensity, heterogenous enhancement with a washout 
kinetic curve. In our study, internal enhancement of the tumors with rim enhancement is only seen in squamous carci-
noma. This finding is also seen in the previous reported studies. The cystic part within the tumor is commonly associated 
with squamous component [23,27].

The ADC values showed a significant difference (P = 0.001) between squamous carcinoma and metaplastic carcinoma 
with mesenchymal differentiation. In the group with mesenchymal differentiation, they were significantly higher (mean 
1.83 ± 0.50 × 10 − 3 mm2/s) in comparison with the group with squamous carcinoma (mean 1.12 ± 0.21 × 10 − 3 mm2/s). 
Gladys et al. reported that the optimum threshold ADC value for diagnosing benign and malignant breast tumors was 
1.21 × 10−3 mm2/s. The ADC value, a measurable diffusion-weighted imaging parameter of the Brownian motion of water, is 
related to cellular density, tumor grade, tumor subtype, Ki-67 index, and cell apoptosis [28,29]. Chen et al. have reported 
significant differences in the ADC values between mesenchymal-like and epithelial-like tumors in mice [30]. Their findings 
indicate that mesenchymal-like tumors exhibit higher ADC values, while epithelial-like tumors display lower ADC values. 
Metaplastic carcinoma with mesenchymal differentiation, is often termed ‘matrix-producing carcinoma’ due to its composi-
tion, which includes a mix of heterologous mesenchymal elements [31]. These elements span from chondroid to osseous 
differentiation and may be the cause of higher ADC values. Prior literature provides limited data on ADC values in meta-
plastic carcinoma [17,27]. The published studies on diffusion-weighted MRI of breast lesions do not differentiate between 
the various rare subtypes of metaplastic carcinomas, due to the rarity and heterogeneity of these tumors. We demonstrate 
a statistically significant difference in ADC values specifically in metaplastic carcinoma with mesenchymal differentiation. 
We further underscore that using an optimal ADC cutoff in our analysis allowed us to distinguish lesions with mesenchy-
mal differentiation with high diagnostic performance. Therefore, our novel finding may also have prognostic implications: if 
diffusion MRI can suggest mesenchymal differentiation, it might help inform prognosis and management decisions earlier 
(for example, by recognizing a tumor subtype that tends to behave more aggressively).

Due to the increased likelihood of distant metastases and poor response to chemotherapy, metaplastic carcinoma has 
a worse prognosis than other types of breast cancer [4,32,33]. The 5-year DFS and OS rates for patients with metaplastic 
carcinomas were 63% and 79% in our study. The study by Cimino-Mathews et al found a 5-year DFS of 64% and a 5-year 
OS rate of 69% among 45 patients with metaplastic carcinoma, which is similar to the results of our study [34]. In our 
study, the 5-year DFS and OS in the squamous carcinoma and metaplastic carcinoma with mesenchymal differentiation 
are 78%, 89.5%, and 50%, 53%, respectively, though no statistical significance. Our findings align with the study by Tan et 
al., which indicated that mesenchymal differentiation is associated with poorer survival compared to other subtypes [35]. 
However, Rakha et. al reported that spindle and mixed spindle and squamous were associated with the worst prognosis 
[36]. Conversely, Tadros et. al reported that the heterologous mesenchymal subtype is associated with the best survival, 
whereas the squamous subtype is associated with the worst survival [37]. These conflicting findings regarding survival 
rates across subtypes may reflect variations in survival endpoints, study populations, or the overall heterogeneity of meta-
plastic carcinomas. Further, larger studies are required to clarify these discrepancies.

First, the small sample size and single-center design limit the statistical power of the study and reduce the reliability 
of subgroup analyses. Although metaplastic breast carcinoma comprises a diverse spectrum of histologic subtypes, our 
analysis included only squamous carcinoma and mesenchymal differentiation, which limits the study’s comprehensive-
ness. Second, the retrospective nature of the study inherently introduces selection and measurement biases. Additionally, 
the lack of molecular and genetic profiling, along with the absence of detailed treatment information, restricts our ability 
to investigate tumor heterogeneity and evaluate the effects of specific therapeutic interventions. Despite these limitations, 
this study remains one of the largest single-center cohorts examining metaplastic breast carcinoma with comprehensive 
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imaging data and extended follow-up. Future multi-institutional studies with larger, more diverse populations and inte-
grated clinical, molecular, and treatment data are warranted to validate and expand upon our findings.

Metaplastic breast carcinoma in the Taiwan presents a heterogenous disease encompassing biologically different tumor 
classes with comparable overall and disease-free survival. Breast MRI can provide valuable diagnostic information for 
metaplastic carcinoma, while metaplastic carcinoma with mesenchymal differentiation exhibits a higher ADC value. The 
tumor histology components and molecular alterations have led to the water diffusion restriction. There is a need for a 
multi-institutional prospective study with detailed imaging and pathological analysis with longer follow up period for identi-
fying definitive prognostic and predictive factors.
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