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Abstract 

Background  Metaplastic breast cancer (MpBC) is a rare histological subtype of breast cancer. This study aims 
to establish a competitive risk model for older women with MpBC to predict patients’ survival accurately.

Methods  Data on patients diagnosed with MpBC from 2010 to 2019 are from the Surveillance, Epidemiology 
and End Results (SEER) program in the United States. All patients were randomly assigned to the training set and vali-
dation set. The proportional sub-distribution risk model was used in the training set to analyze the risk factors 
affecting patient death. Based on the risk factors for cancer-specific mortality (CSM) in patients, we constructed 
a competitive risk model to predict patients’ 1-, 3-, and 5-year cancer-specific survival. Then we used the concordance 
index (C-index), the calibration curve and the area under the receiver operating characteristic curve (AUC) to validate 
the discrimination and accuracy of the model.

Results  One thousand, four hundred twelve older women with MpBC were included in this study. Age, T stage, 
N stage, M stage, tumor size, surgery and radiotherapy were risk factors for CSM. We established a competitive risk 
model to predict 1-, 3-, and 5-year cancer-specific survival in older women with MpBC. The C-index of the model 
was 0.792 in the training set and 0.744 in the validation set. The calibration curves in the training and validation sets 
showed that the model’s predicted values were almost consistent with the actual observed values. The AUC results 
show that the prediction model has good accuracy.

Conclusion  We developed a competitive risk model based on these risk factors to predict cancer-specific survival 
in older women with MpBC. The validation results of the model show that it is a very effective and reliable prediction 
tool. This predictive tool allows doctors and patients to make individualized clinical decisions.
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Introduction
Breast cancer is the most common cancer in women. 
Metaplastic breast cancer (MpBC) is a rare histological 
subtype, accounting for 0.25–2% of breast cancers [1]. 
MpBC has a poor clinical outcome and is more aggres-
sive than invasive ductal carcinoma [2]. MpBC has 
been considered a unique pathological diagnosis since 
2000, and its incidence has increased [3]. MpBC shows 
rapid tumour growth at diagnosis, with a very high risk 
of progression and recurrence [4]. Due to its rarity, the 
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pathogenesis, treatment, and clinical outcome of MpBC 
remain unclear. In addition, MpBC has typical chemo-
therapy drug resistance, and chemotherapy plays a 
limited role in treating MpBC and preventing disease 
progression [5]. These factors lead to poor prognosis and 
low survival rate of MpBC. Therefore, accurate predic-
tion of the prognosis of MpBC patients can help doctors 
and patients to provide helpful information and individu-
alized treatment.

Breast cancer is widespread in older women. How-
ever, because of the lack of standard treatment for older 
breast cancer patients, undertreatment leads to higher 
rates of breast cancer recurrence and mortality [6, 7]. 
Older women and their families face multiple barriers 
when choosing treatment, including prejudices such as 
the inability to tolerate treatment, failure to benefit from 
treatment, and unworthy treatment. In addition, older 
breast cancer patients are often excluded from clinical 
trials, or only a few healthy older women receive clinical 
trials [8]. Therefore, the clinical data of older women with 
breast cancer are often lacking, so sufficient data cannot 
be obtained to guide treatment. Although breast cancer 
in older women appears to be a biologically favourable 
tumor (hormone receptor-positive), it tends to be larger, 
and lymph node-positive [9], and hormone receptors are 
primarily negative in older women with MpBC. Older 
women are also accompanied by various comorbidities 
and cognitive decline [10, 11]. Therefore, older women 
with breast cancer need more individualized treatment.

The nomogram is a simple and reliable predictive tool 
that can predict patient survival based on risk factors 
affecting patient survival [12]. Various predictive tools 
have been developed to predict the prognosis of MpBC 
patients [13, 14], which have been proven to have good 
accuracy. However, for older women with MpBC, the 
cause of death is not just cancer but many other factors, 
such as cardiovascular disease. The current nomogram 
only analyzes the risk factors of cancer patient death, 
ignoring the competitive risk death factors. The competi-
tive risk model considered other causes of death when 
developing predictive tools and developed a predictive 
tool for cancer deaths [15] with greater accuracy and 
reliability. Wang et al. [15] developed a competitive risk 
model to predict the cancer-specific survival of older 
patients with renal cell carcinoma, and it demonstrated 
good predictive performance, serving as an effective 
clinical tool. However, currently, there is no competi-
tive risk model available for predicting cancer-specific 
survival in older women with MpBC. Furthermore, it 
remains unknown whether the competitive risk model 
can be applicable to older women with MpBC. Therefore, 
this study follows the method of Wang et al. to establish 
a competitive risk model for predicting cancer-specific 

survival in older women with MpBC. The aim is to accu-
rately predict patients’ survival outcomes and provide a 
rational basis for individualized treatment.

Materials and methods
Data resources
Data on patients diagnosed with MpBC from 2010 to 
2019 are from the Surveillance, Epidemiology and End 
Results (SEER) program. The SEER database is a popula-
tion-based cancer database in the United States, includ-
ing 18 cancer registries, covering about 30% of the US 
population. Since the patient’s personal information in 
the SEER database cannot be identified, this study does 
not require ethical approval and informed consent. All 
the research methods in this study comply with the pro-
visions of the SEER database.

This study collected data from older women with 
MpBC. Inclusion criteria: 1) the diagnosis year is 2010–
2019; 2) age ≥ 65 years old; 3) women; 4) the pathological 
diagnosis was MpBC. Exclusion criteria: 1) TNM stage 
unknown; 2) tumor size is unknown; 3) surgical proce-
dure is unknown; 4) estrogen receptor(ER), progester-
one receptor(PR) and human epidermal growth factor 
receptor-2(HER2) status unknown; 5) survival time less 
than one month. The patient screening process is shown 
in Fig. 1.

Variables definition
The clinicopathological information of patients, includ-
ing age, race, marriage, histological type, histological 
grade, TNM stage, ER, PR and HER2 status, tumor size, 
and treatment (surgery, radiotherapy and chemother-
apy), were obtained from the SEER database. The race is 
divided into white, black and others (American Indian/
AK Native, Asian/Pacific Islander). Marriage is divided 
into married or unmarried. Histological types included 
metaplastic carcinoma, squamous cell carcinoma, spindle 
cell carcinoma, adenosquamous carcinoma and adeno-
carcinoma mixed. Histological grades, including grades 
I-IV, were highly differentiated, moderately differenti-
ated, poorly differentiated and undifferentiated, respec-
tively. Surgery is divided into surgery and non-surgery. 
Radiotherapy and chemotherapy are also divided into yes 
or No. ER, PR and HER2 status were classified as nega-
tive or positive. Patients’ survival status is divided into 
survival, death from cancer, or death from other causes.

Among these variables, age and tumor size are treated 
as continuous variable inputs to the model, while mari-
tal status, tumor laterality, pathological type, histological 
grade, TNM stage, surgery, radiation therapy, chemo-
therapy, ER status, PR status, and HER2 status are treated 
as categorical variable inputs to the model.
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Development and validation of the competitive risk model
In order to ensure the accuracy of model validation, we 
divided the data into two relatively independent data-
sets. All patients were randomly assigned to the train-
ing set (70%) and validation set (30%). In the training set, 
the proportional sub-distribution risk model proposed 
by Fine and Gray [15] was used to analyze the risk fac-
tors affecting patient death. The competitive risk model 
is closer to reality because it considers other competing 
endpoints when calculating endpoint events [16]. We 
also analyzed the risk factors for cancer-specific mortal-
ity (CSM) and other causes of mortality (OCM) in older 
women with MpBC. Based on the risk factors for CSM in 
patients, we constructed a competitive risk model to pre-
dict 1-, 3-, and 5-year cancer-specific survival in patients. 
Our study methodology was similar to a previous study 
[17]. When training the model, we utilized a threshold 
of P < 0.05 and performed stepwise regression to identify 
the best fitting variables, thus constructing a competi-
tive risk model. Breast cancer recurrence in most cases 
occurs within 1–3  years after diagnosis, and patients 
who have not experienced a recurrence after 5  years 
are generally considered clinically cured. Therefore, it 
is important for us to focus on the 1-year, 3-year, and 
5-year survival of older women with MpBC to develop 
better follow-up strategies. Then we used the concord-
ance index (C-index), the calibration curve and the area 
under the receiver operating characteristic curve (AUC) 

to validate the discrimination and accuracy of the model 
in the training set and the validation set.

Clinical utility
Decision Curve Analysis (DCA) is a new algorithm to 
calculate the net profit under different thresholds. DCA 
was used to calculate the potential clinical value of the 
new model and compared it with the traditional TNM 
staging system. In addition, according to the risk value 
calculated by the competitive risk model, the patients 
were divided into a high-risk group and a low-risk group 
by using the Youden index of the receiver operating char-
acteristic curve (ROC) to take the best cut-offcut-off 
value. Kaplan–Meier (K-M) curve and Log-rank test were 
used to analyze the survival difference between the low-
risk and high-risk groups.

Statistical analysis
All statistical methods were analyzed by R software 4.1.0 
and SPSS 26.0. Continuous variables were described by 
mean and standard deviation, and a nonparametric U 
test was used to compare differences between groups. 
Categorical variables were described by frequency, and 
chi-square tests were used to compare group differences. 
The proportional sub-distribution hazard model ana-
lyzed the risk factors of CSM and OCM. The Log-rank 
test and Kaplan–Meier curve analyzed the survival differ-
ence between groups. A p-value less than 0.05 was con-
sidered statistically significant.

Fig. 1  The flow chart of patient selection
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Table 1  Clinicopathological characteristics of older women with metaplastic breast cancer

ALL
N = 1412

Training set
N = 987

Validation set
N = 425

P

Age 76.0 (7.72) 75.9 (7.71) 76.1 (7.75) 0.681

Race 0.988

  white 1145 (81.1%) 801 (81.2%) 344 (80.9%)

  black 163 (11.5%) 114 (11.6%) 49 (11.5%)

  other 104 (7.37%) 72 (7.29%) 32 (7.53%)

Marital 0.849

  No 821 (58.1%) 576 (58.4%) 245 (57.6%)

  Married 591 (41.9%) 411 (41.6%) 180 (42.4%)

Laterality 0.438

  Left 727 (51.5%) 501 (50.8%) 226 (53.2%)

  Right 685 (48.5%) 486 (49.2%) 199 (46.8%)

Histology 0.394

  Metaplastic carcinoma 1172 (83.0%) 826 (83.7%) 346 (81.4%)

  Squamous cell carcinoma 75 (5.31%) 51 (5.17%) 24 (5.65%)

  Spindle cell carcinoma 72 (5.10%) 43 (4.36%) 29 (6.82%)

  Adenosquamous carcinoma 38 (2.69%) 27 (2.74%) 11 (2.59%)

  Adenocarcinoma mixed 55 (3.90%) 40 (4.05%) 15 (3.53%)

Grade 0.943

  I 61 (4.32%) 41 (4.15%) 20 (4.72%)

  II 241 (17.1%) 173 (17.5%) 68 (16.0%)

  III 865 (61.3%) 602 (61.0%) 263 (62.0%)

  IV 34 (2.41%) 23 (2.33%) 11 (2.59%)

  Unknown 210 (14.9%) 148 (15.0%) 62 (14.6%)

T 0.513

  T1 377 (26.7%) 261 (26.4%) 116 (27.3%)

  T2 695 (49.2%) 491 (49.7%) 204 (48.0%)

  T3 219 (15.5%) 157 (15.9%) 62 (14.6%)

  T4 121 (8.57%) 78 (7.90%) 43 (10.1%)

N 0.627

  N0 1148 (81.3%) 804 (81.5%) 344 (80.9%)

  N1 192 (13.6%) 137 (13.9%) 55 (12.9%)

  N2 47 (3.33%) 29 (2.94%) 18 (4.24%)

  N3 25 (1.77%) 17 (1.72%) 8 (1.88%)

M 0.623

  M0 1348 (95.5%) 940 (95.2%) 408 (96.0%)

  M1 64 (4.53%) 47 (4.76%) 17 (4.00%)

Tumor size 38.5 (29.6) 38.0 (27.6) 39.6 (34.0) 0.387

Surgery 0.689

  No 73 (5.17%) 49 (4.96%) 24 (5.65%)

  Yes 1339 (94.8%) 938 (95.0%) 401 (94.4%)

Chemotherapy 0.412

  No 799 (56.6%) 551 (55.8%) 248 (58.4%)

  Yes 613 (43.4%) 436 (44.2%) 177 (41.6%)

Radiation 0.402

  No 862 (61.0%) 595 (60.3%) 267 (62.8%)

  Yes 550 (39.0%) 392 (39.7%) 158 (37.2%)

PR 0.861

  Negative 1251 (88.6%) 873 (88.4%) 378 (88.9%)

  Positive 161 (11.4%) 114 (11.6%) 47 (11.1%)
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Results
Patient baseline characteristics
A total of 1412 older women with MpBC were included in 
this study. Patients were randomly divided into a training 
set (n = 987) and a validation set (n = 425). The average age 
of the patients in this study was 76.0 ± 7.72 years, of which 
1145 ( 81.1%) were white, and 591 ( 41.9%) were married. 
There were 1172 (83.0%) patients with metaplastic car-
cinoma and 865 ( 61.3%) patients with grade III tumors. 
There were 695 ( 49.2%) patients of T2 tumors, 1148 ( 
81.3%) patients of N0 tumors, and 1348 ( 95.5%) patients 
of M0 tumors. There were 1339 ( 94.8%) patients receiving 
surgery, 550 (39.0%) patients receiving radiotherapy, and 
613 ( 43.4%) patients receiving chemotherapy. The mean 
tumor size was 38.5 ± 29.6  mm. There were 1251 (88.6%) 
PR-negative patients, 1115 (79.0%) ER-negative patients 
and 1360(96.3%) HER2-negative patients. At present, 903 
(64.0%) patients survived, 327 (23.2%) patients died of 
cancer, and 182 (12.9%) patients died of other causes. The 
mean survival time of all patients was 38.5 ± 32.0 months. 
The demographic and clinicopathological characteristics of 
the patients are shown in Table 1. There was no significant 
difference between the training set and the validation set.

Prognostic factors of survival
In the training set, the proportional sub-distribution haz-
ard model was used to analyze the risk factors of CSM 
and OCM. The results showed that age, T stage, N stage, 
M stage, tumor size, surgery and radiotherapy were risk 
factors for CSM. In addition, age is a risk factor for OCM 
in older women with MpBC (Table 2, Table S1).

Development of the competitive risk model
Based on the proportional sub-distribution hazard model 
analysis results, we incorporated risk factors affect-
ing CSM in patients. We established a competitive risk 

model to predict 1-, 3-, and 5-year cancer-specific sur-
vival in older women with MpBC. As shown in Fig.  2, 
older patients have a higher risk of death. The higher the 
TNM stage and the larger tumors, the greater the risk of 
death in patients. Patients undergoing surgery and radio-
therapy have a higher survival rate.

Validation of the competitive risk model
We used a series of validation methods to validate the 
accuracy and discrimination of the model. The C-index 
of the model was 0.792 ( 95% CI: 0.763–0.821) in the 
training set and 0.744 ( 95% CI: 0.691–0.797) in the vali-
dation set. The calibration curves in the training and 
validation sets showed that the model’s predicted values 
were almost consistent with the actual observed values, 
which proved that the prediction model had good accu-
racy (Fig.  3). The AUC results showed that the AUC of 
the model for predicting 1-, 3-, and 5-year survival in the 
training set was 87.2, 80.4, and 78.7, respectively. In the 
validation set, the AUC of the model for predicting 1-, 3-, 
and 5-year survival were 75.7, 79.6, and 78.4, respectively 
(Fig. 4). These results show that the prediction model has 
good accuracy. Furthermore, we compared the C-index 
and AUC of the nomogram with the traditional TNM 
staging (Table S2), and the results showed that the nom-
ogram demonstrated superior predictive performance 
compared to TNM staging.

Clinical application
We used DCA to validate the practical clinical value of 
the model. The results showed that the prediction model 
showed good practical value in predicting 1-, 3-, and 
5-year survival. And the predictive ability of the predic-
tion model is better than the traditional TNM staging 
system (Fig. 5). Subsequently, we used the established pre-
diction model to calculate the risk value for each patient 

Table 1  (continued)

ALL
N = 1412

Training set
N = 987

Validation set
N = 425

P

ER 0.875

  Negative 1115 (79.0%) 781 (79.1%) 334 (78.6%)

  Positive 297 (21.0%) 206 (20.9%) 91 (21.4%)

HER2 0.723

  Negative 1360 (96.3%) 949 (96.1%) 411 (96.7%)

  Positive 52 (3.68%) 38 (3.85%) 14 (3.29%)

Status 0.361

  Alive 903 (64.0%) 632 (64.0%) 271 (63.8%)

  Dead Of Cancer 327 (23.2%) 221 (22.4%) 106 (24.9%)

  Dead Of other casuse 182 (12.9%) 134 (13.6%) 48 (11.3%)

Survival months 38.5 (32.0) 37.9 (31.3) 40.0 (33.5) 0.266
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Table 2  The proportional sub-distribution risk model predict cancer-specific mortality older women with metaplastic breast cancer

Unadjusted model Adjusted model

HR 95%CI P HR 95%CI P

Age 1.03 1.02 1.05  < 0.001 1.024 1.002 1.046 0.03

Race

  white Reference Reference

  black 1.289 0.891 1.86 0.18 1.295 0.869 1.929 0.2

  other 0.969 0.58 1.62 0.9 1.106 0.646 1.894 0.7

Marital

  No Reference Reference

  Married 0.568 0.428 0.753  < 0.001 0.927 0.673 1.276 0.6

Laterality

  Left Reference Reference

  Right 0.72 0.552 0.938 0.015 0.877 0.659 1.166 0.4

Histology

  Metaplastic carcinoma Reference Reference

  Squamous cell carcinoma 0.883 0.477 1.64 0.69 0.695 0.362 1.333 0.27

  Spindle cell carcinoma 1.166 0.594 2.29 0.66 1.879 0.931 3.791 0.078

  Adenosquamous carcinoma 0.496 0.191 1.29 0.15 0.458 0.12 1.743 0.25

  Adenocarcinoma mixed 0.62 0.252 1.53 0.3 0.581 0.22 1.536 0.27

Grade

  I Reference Reference

  II 1.37 0.581 3.21 0.47 1.204 0.514 2.817 0.67

  III 1.96 0.886 4.36 0.097 1.415 0.63 3.179 0.4

  IV 1.29 3.363 4.58 0.69 0.874 0.235 3.251 0.84

  Unknown 2.43 1.05 5.62 0.038 1.524 0.654 3.549 0.33

T

  T1 Reference Reference

  T2 1.77 1.16 2.7  < 0.001 1.388 0.876 2.198 0.16

  T3 5.95 3.86 9.18  < 0.001 2.947 1.564 5.553 0.001

  T4 7.84 4.78 12.84  < 0.001 2.89 1.436 5.815 0.003

N

  N0 Reference Reference

  N1 2.15 1.53 3.01  < 0.001 1.414 0.958 2.086 0.08

  N2 3.23 1.91 5.47  < 0.001 1.914 1.105 3.317 0.02

  N3 2.76 1.35 5.64  < 0.001 1.468 0.549 3.925 0.4

M

  M0 Reference Reference

  M1 10.6 6.97 16.2  < 0.001 4.698 2.869 7.692  < 0.001

Tumor size 1.02 1.01 1.02  < 0.001 1.005 0.999 1.012 0.037

Surgery

  No Reference Reference

  Yes 0.253 0.158 0.406  < 0.001 0.391 0.233 0.658  < 0.001

Chemotherapy

  No Reference Reference

  Yes 0.884 0.678 1.15 0.36 1.039 0.735 1.469 0.8

Radiation

  No Reference Reference

  Yes 0.571 0.43 0.758  < 0.001 0.689 0.502 0.947 0.02

PR

  Negative Reference Reference
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and used the ROC best cut-off value (85.1) to divide 
the patients into high-risk groups (≥ 85.1) and low-risk 
groups (< 85.1). The high-risk group’s 1-, 3-, and 5-year 
survival rates were 8.15, 6.03 and 5.46%, respectively. The 

survival rates of low-risk patients were 96.6%, 89.9% and 
84.8%, respectively. The K-M curve showed that the sur-
vival rate of patients in the high-risk group was signifi-
cantly lower than that in the low-risk group (Fig. 6).

Table 2  (continued)

Unadjusted model Adjusted model

HR 95%CI P HR 95%CI P

  Positive 0.689 10.436 1.09 0.11 0.82 0.48 1.401 0.5

ER

  Negative Reference Reference

  Positive 0.875 0.632 1.21 0.42 0.901 0.607 1.336 0.6

HER2

  Negative Reference Reference

  Positive 0.972 0.482 1.96 0.9 0.981 0.415 2.318 0.9

Fig. 2  Competitive risk model nomogram for predicting the 1-, 3-, and 5-year cancer-specific survival of MpBC
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Discussion
MpBC is mainly composed of mesenchymal histologi-
cal components and epithelial cells, a rare breast can-
cer type [18]. MpBC is a highly malignant breast cancer 
divided into low-grade and high-grade MpBC accord-
ing to histopathological features. Low-grade MpBC 
includes fibroma-like MpBC and adenosquamous car-
cinoma [19]. High-grade MpBC includes spindle cell 
carcinomas, squamous cell carcinoma, and pleomor-
phic mesenchymal differentiation MpBC. Previous 

studies have found that more than 90% of MpBC hor-
mone receptors and HER2 are negative [20]. Since 
MpBC is a rare type of breast cancer, studies on its clini-
cal features and prognostic factors are minimal. Cur-
rently, no clinical diagnosis and treatment guidelines 
or prognostic factors to explore are widely recognized 
worldwide. The prognosis of MpBC is worse than that 
of common triple-negative breast cancer. Therefore, it 
is necessary further to explore the prognostic factors of 
MpBC [21].

Fig. 3  The calibration curves for predicting the cancer-specific survival of older women with MpBC in the training set (A) and validation set (B)

Fig. 4  ROC curve with AUC for cancer-specific survival in older women with MpBC. A 1-, 3-, and 5-year cancer-specific survival rate in the training 
set, B 1-, 3-, and 5-year cancer-specific survival rate in the validation set
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Older breast cancer patients are a particular group. 
Compared with young women, they have different physi-
ology, tumor biological behaviour and social dynam-
ics [22–24]. Most older women with breast cancer are 
low-grade and hormone receptor-positive, so they often 
receive non-surgical treatment. However, older women 
with MpBC will face the challenge of hormone receptor 
and HER2 negative, so their treatment will be different. 
In addition, the treatment of older women with MpBC 
must be personalized, as they also face a competitive risk 
of death from diseases other than cancer. Older patients’ 
comorbidities and decreased physiological status may 

prevent them from benefiting from treatment as young 
patients do [11, 25]. Different social support systems will 
also affect the treatment experience of older patients. The 
lack of independence of the older will lead to the obstruc-
tion of compliance with drugs and appointments.

In this study, we reported the clinicopathological fea-
tures and prognostic factors of older women with MpBC 
in the SEER database. This study found that marital status 
and race were not factors affecting cancer-specific sur-
vival in older women with MpBC. The pathological sub-
type of MpBC was also not significantly correlated with 
cancer-specific survival. Previous studies have shown 

Fig. 5  DCA of competitive risk model in the training and validation sets. A 1-, 3-, and 5-year cancer-specific survival rate in the training set, B 1-, 3-, 
and 5-year cancer-specific survival rate in the validation set

Fig. 6  K-M curves of older women with MpBC in training sets (A) and validation sets (B)



Page 10 of 11Tang et al. BMC Women’s Health          (2023) 23:374 

that the lymph node metastasis rate of MpBC patients is 
about 22–31% [26]. Our study found that the lymph node 
metastasis rate of older women with MpBC is less than 
20%, slightly lower than that of overall MpBC patients. 
Moreover, our study found that lymph node metastasis is 
a risk factor for cancer-specific survival in older women 
with MpBC, similar to the study of Lee et al. [3].

A previous study has reported that chemotherapy can 
improve the prognosis of MpBC patients [27]. However, 
another study has shown that MpBC has a minimal effect 
on chemotherapy due to chemotherapy resistance [28]. 
Rakha et  al. also found that chemotherapy can only pro-
long the survival of patients with early disease [29]. Our 
study also confirmed that chemotherapy had no significant 
benefit for cancer-specific survival in older women with 
MpBC. Because MpBC patients lack standard treatment 
options, radiotherapy is also controversial. A study has 
shown that radiotherapy can reduce the risk of local recur-
rence of breast cancer and residual lesions after surgery 
[30]. Our study shows that radiotherapy can significantly 
benefit older women with MpBC. In addition, we found 
that most patients underwent surgery and that patients 
who underwent surgery significantly improved survival 
rates, similar to a previous study [31]. Therefore, surgery 
and radiotherapy are critical for older patients with MpBC.

This study found that age, T stage, N stage, M stage, 
tumor size, surgery and radiotherapy were risk fac-
tors for cancer-specific survival in older patients with 
MpBC. We developed a competitive risk model nom-
ogram based on these variables to predict 1-, 3-, and 
5-year cancer-specific survival in older women with 
MpBC. The competitive risk model is a nomogram and 
a simple prediction tool. By accurately predicting the 
survival time of patients, it can help doctors make clini-
cal decisions and improve patient compliance.

There are still some limitations in this study. First, 
the study lacked essential variables such as comorbid-
ity, chemotherapy regimen, endocrine therapy, radia-
tion dose, and physiological status. However, this study 
included essential variables, such as tumor staging and 
treatment. Therefore, the prediction tool has good clini-
cal value. Secondly, this study is retrospective, and there 
is still a selection bias that is difficult to adjust. There-
fore, further prospective studies to confirm the study 
results are necessary. Finally, this study’s competitive risk 
prediction model only conducted internal cross-valida-
tion. Although the model was confirmed to have good 
accuracy, further external verification is still needed.

Conclusion
This study explored the competitive risk factors for 
cancer-specific death in older women with MpBC. 
Age, T stage, N stage, M stage, tumor size, surgery 

and radiotherapy were risk factors for cancer-specific 
death in older patients with MpBC. Based on these 
risk factors, we developed a competitive risk model to 
predict cancer-specific survival in older women with 
MpBC. The validation results of the model show that 
it is a very effective and reliable prediction tool. This 
predictive tool allows doctors and patients to make 
individualized clinical decisions.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12905-​023-​02513-x.

Additional file 1: Table S1. The proportional sub-distribution risk model 
predict other causes mortality older women with metaplastic breast 
cancer.

Additional file 2: Table S2. C-index and AUC in the training and valida-
tion sets.

Acknowledgements
Not applicable.

Authors’ contributions
JT, DZ, and XP contributed to the conception and design. DZ and JT collected 
and analyzed the data. DZ and JT drew the figures and tables. JT and DZ wrote 
the draft. XP and JT contributed to manuscript writing and revision. All authors 
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data analyzed in this study is available at https://​seer.​Cancer.​gov/.

Declarations

Ethics approval and consent to participate
The data of this study is obtained from the SEER database. The patients’ data 
is public and anonymous, so this study does not require ethical approval and 
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 12 November 2022   Accepted: 27 June 2023

References
	1.	 Oberman HA. Metaplastic carcinoma of the breast. A clinicopathologic 

study of 29 patients. Am J Surg Pathol. 1987;11(12):918–29. https://​doi.​
org/​10.​1097/​00000​478-​19871​2000-​00002. PMID: 2825549.

	2.	 Altundag K. Different subtypes of metaplastic breast cancer might 
have different sensitivity to neoadjuvant chemotherapy. J BUON. 
2019;24(5):2205 PMID: 31786895.

	3.	 Lee H, Jung SY, Ro JY, Kwon Y, Sohn JH, Park IH, Lee KS, Lee S, Kim SW, 
Kang HS, Ko KL, Ro J. Metaplastic breast cancer: clinicopathological 
features and its prognosis. J Clin Pathol. 2012;65(5):441–6. https://​
doi.​org/​10.​1136/​jclin​path-​2011-​200586. Epub 2012 Mar 12 PMID: 
22412048.

https://doi.org/10.1186/s12905-023-02513-x
https://doi.org/10.1186/s12905-023-02513-x
https://seer.Cancer.gov/
https://doi.org/10.1097/00000478-198712000-00002
https://doi.org/10.1097/00000478-198712000-00002
https://doi.org/10.1136/jclinpath-2011-200586
https://doi.org/10.1136/jclinpath-2011-200586


Page 11 of 11Tang et al. BMC Women’s Health          (2023) 23:374 	

	4.	 McKinnon E, Xiao P. Metaplastic carcinoma of the breast. Arch Pathol Lab 
Med. 2015;139(6):819–22. https://​doi.​org/​10.​5858/​arpa.​2013-​0358-​RS. 
PMID: 26030252.

	5.	 Chen IC, Lin CH, Huang CS, Lien HC, Hsu C, Kuo WH, Lu YS, Cheng AL. 
Lack of efficacy to systemic chemotherapy for treatment of metaplastic 
carcinoma of the breast in the modern era. Breast Cancer Res Treat. 
2011;130(1):345–51. https://​doi.​org/​10.​1007/​s10549-​011-​1686-9. Epub 
2011 Jul 27 PMID: 21792625.

	6.	 Du X, Goodwin JS. Patterns of use of chemotherapy for breast cancer 
in older women: findings from Medicare claims data. J Clin Oncol. 
2001;19(5):1455–61. https://​doi.​org/​10.​1200/​JCO.​2001.​19.5.​1455. PMID: 
11230491.

	7.	 Townsley CA, Selby R, Siu LL. Systematic review of barriers to the recruit-
ment of older patients with cancer onto clinical trials. J Clin Oncol. 
2005;23(13):3112–24. https://​doi.​org/​10.​1200/​JCO.​2005.​00.​141. PMID: 
15860871.

	8.	 Extermann M, Aapro M. Assessment of the older cancer patient. Hematol 
Oncol Clin North Am. 2000;14(1):63–77, viii−ix. https://​doi.​org/​10.​1016/​
s0889-​8588(05)​70278-1. PMID: 10680072.

	9.	 Lodi M, Scheer L, Reix N, Heitz D, Carin AJ, Thiébaut N, Neuberger K, 
Tomasetto C, Mathelin C. Breast cancer in elderly women and altered 
clinico-pathological characteristics: a systematic review. Breast Cancer 
Res Treat. 2017;166(3):657–68. https://​doi.​org/​10.​1007/​s10549-​017-​4448-
5. Epub 2017 Aug 12 PMID: 28803352.

	10.	 Martinez-Ramos D, Simon-Monterde L, Queralt-Martin R, Suelves-
Piqueres C, Menor-Duran P, Escrig-Sos J. Breast cancer in octogenar-
ian. Are we doing our best? A population-registry based study. Breast. 
2018;38:81–5. https://​doi.​org/​10.​1016/j.​breast.​2017.​12.​007. Epub 2018 Jan 
4 PMID: 29274475.

	11.	 Hurria A, Muss H. Special issues in older women with breast cancer. Adv 
Exp Med Biol. 2015;862:23–37. https://​doi.​org/​10.​1007/​978-3-​319-​16366-
6_3. PMID: 26059927.

	12.	 Wang J, Tang J, Chen T, Yue S, Fu W, Xie Z, Liu X. A web-based prediction 
model for overall survival of elderly patients with early renal cell carci-
noma: a population-based study. J Transl Med. 2022;20(1):90. https://​doi.​
org/​10.​1186/​s12967-​022-​03287-w. PMID:35164796;PMCID:PMC8845298.

	13.	 Shi H, Yu L, Mai J, Zhang P, Fang K. Nomograms predicting overall survival 
and cancer-specific survival in metaplastic breast cancer patients. J 
BUON. 2021;26(4):1386–97 PMID: 34564996.

	14.	 Li Y, Chen D, Xuan H, Dragomir MP, Calin GA, Meng X, Chen M, Jin H. Con-
struction and validation of prognostic nomogram for metaplastic breast 
cancer. Bosn J Basic Med Sci. 2022;22(1):131–9. https://​doi.​org/​10.​17305/​
bjbms.​2021.​5911. PMID:34247567;PMCID:PMC8860321.

	15.	 Wang J, Zhanghuang C, Tan X, Mi T, Liu J, Jin L, Li M, Zhang Z, He D. Devel-
opment and validation of a competitive risk model in elderly patients 
with chromophobe cell renal carcinoma: a population-based study. Front 
Public Health. 2022;22(10):840525. https://​doi.​org/​10.​3389/​fpubh.​2022.​
840525. PMID: 35273943; PMCID: PMC8902051.

	16.	 Glynn RJ, Rosner B, Christen WG. Evaluation of risk factors for cata-
ract types in a competing risks framework. Ophthalmic Epidemiol. 
2009;16(2):98–106. https://​doi.​org/​10.​1080/​09286​58090​27375​32. PMID: 
19353398; PMCID: PMC3065391.

	17.	 Jiao S, Guo L, Da F, Gao Q, Ren Z, Wang J, Fu Q, Liu J. Competitive risk 
model nomogram to predict prognosis in patients aged over 65 years 
with nonmetastatic cervical cancer: a SEER population-based study. 
Technol Cancer Res Treat. 2023;22:15330338231164192. https://​doi.​org/​
10.​1177/​15330​33823​11641​91. PMID: 37078156; PMCID: PMC10126705.

	18.	 Li Y, Su P, Wang Y, Zhang H, Liang Y, Zhang N, Song X, Li X, Li J, Yang Q. 
Impact of histotypes on preferential organ-specific metastasis in triple-
negative breast cancer. Cancer Med. 2020;9(3):872–81. https://​doi.​org/​
10.​1002/​cam4.​2759. Epub 2019 Dec 9. Erratum in: Cancer Med. 2020 
Oct;9(20):7792. PMID: 31814295; PMCID: PMC6997059.

	19.	 González-Martínez S, Pérez-Mies B, Carretero-Barrio I, Palacios-Berraquero 
ML, Perez-García J, Cortés J, Palacios J. Molecular features of metaplastic 
breast carcinoma: an infrequent subtype of triple negative breast carci-
noma. Cancers (Basel). 2020;12(7):1832. https://​doi.​org/​10.​3390/​cance​
rs120​71832. PMID:32650408;PMCID:PMC7408634.

	20.	 Reddy TP, Rosato RR, Li X, Moulder S, Piwnica-Worms H, Chang JC. A 
comprehensive overview of metaplastic breast cancer: clinical features 
and molecular aberrations. Breast Cancer Res. 2020;22(1):121. https://​doi.​
org/​10.​1186/​s13058-​020-​01353-z. PMID:33148288;PMCID:PMC7640663.

	21.	 Jung SY, Kim HY, Nam BH, Min SY, Lee SJ, Park C, Kwon Y, Kim EA, Ko KL, 
Shin KH, Lee KS, Park IH, Lee S, Kim SW, Kang HS, Ro J. Worse prognosis of 
metaplastic breast cancer patients than other patients with triple-neg-
ative breast cancer. Breast Cancer Res Treat. 2010;120(3):627–37. https://​
doi.​org/​10.​1007/​s10549-​010-​0780-8. Epub 2010 Feb 9 PMID: 20143153.

	22.	 Eaker S, Dickman PW, Bergkvist L, Holmberg L, Uppsala/Orebro Breast 
Cancer Group. Differences in management of older women influence 
breast cancer survival: results from a population-based database in 
Sweden. PLoS Med. 2006;3(3):e25. https://​doi.​org/​10.​1371/​journ​al.​pmed.​
00300​25. PMID: 16409108; PMCID: PMC1326256.

	23.	 Schonberg MA, Marcantonio ER, Li D, Silliman RA, Ngo L, McCarthy EP. 
Breast cancer among the oldest old: tumor characteristics, treatment 
choices, and survival. J Clin Oncol. 2010;28(12):2038–45. https://​doi.​org/​
10.​1200/​JCO.​2009.​25.​9796. Epub 2010 Mar 22. PMID: 20308658; PMCID: 
PMC2860406.

	24.	 Bastiaannet E, Portielje JE, van de Velde CJ, de Craen AJ, van der Velde 
S, Kuppen PJ, van der Geest LG, Janssen-Heijnen ML, Dekkers OM, 
Westendorp RG, Liefers GJ. Lack of survival gain for elderly women with 
breast cancer. Oncologist. 2011;16(4):415–23. https://​doi.​org/​10.​1634/​
theon​colog​ist.​2010-​0234. Epub 2011 Mar 15. PMID: 21406470; PMCID: 
PMC3228128.

	25.	 de Glas NA, Kiderlen M, Vandenbroucke JP, de Craen AJ, Portielje JE, van 
de Velde CJ, Liefers GJ, Bastiaannet E, Le Cessie S. Performing survival 
analyses in the presence of competing risks: a clinical example in older 
breast cancer patients. J Natl Cancer Inst. 2015;108(5):djv366. https://​doi.​
org/​10.​1093/​jnci/​djv366. PMID: 26614095.

	26.	 Park HS, Park S, Kim JH, Lee JH, Choi SY, Park BW, Lee KS. Clinico-
pathologic features and outcomes of metaplastic breast carcinoma: 
comparison with invasive ductal carcinoma of the breast. Yonsei Med J. 
2010;51(6):864–9. https://​doi.​org/​10.​3349/​ymj.​2010.​51.6.​864. PMID:20879
052;PMCID:PMC2995974.

	27.	 Cimino-Mathews A, Verma S, Figueroa-Magalhaes MC, Jeter SC, Zhang 
Z, Argani P, Stearns V, Connolly RM. A clinicopathologic analysis of 
45 patients with metaplastic breast carcinoma. Am J Clin Pathol. 
2016;145(3):365–72. https://​doi.​org/​10.​1093/​ajcp/​aqv097. Epub 2016 Feb 
19 PMID: 27124919.

	28.	 Tseng WH, Martinez SR. Metaplastic breast cancer: to radiate or not 
to radiate? Ann Surg Oncol. 2011;18(1):94–103. https://​doi.​org/​10.​
1245/​s10434-​010-​1198-6. Epub 2010 Jun 29. PMID: 20585866; PMCID: 
PMC3018259.

	29.	 Rakha EA, Quinn CM, Foschini MP, Muñoz Martin M, Dabbs DJ, Lakhani S, 
Varga Z, Pinder SE, Schmitt FC, Reis-Filho JS, Fox SB, Ellis IO, Tan PH, Mihai 
R. Metaplastic carcinomas of the breast without evidence of epithelial 
differentiation: a diagnostic approach for management. Histopathology. 
2021;78(5):759–71. https://​doi.​org/​10.​1111/​his.​14290. Epub 2020 Dec 16. 
PMID: 33113154; PMCID: PMC8492009.

	30.	 Speers C, Pierce LJ. Postoperative radiotherapy after breast-con-
serving surgery for early-stage breast cancer: a review. JAMA Oncol. 
2016;2(8):1075–82. https://​doi.​org/​10.​1001/​jamao​ncol.​2015.​5805. PMID: 
27243924.

	31.	 Hu J, Dong F, Zhang Y, Shen J, Ming J, Huang T. Triple-negative metaplas-
tic breast cancer: treatment and prognosis by type of surgery. Am J Transl 
Res. 2021;13(10):11689–96. PMID: 34786095; PMCID: PMC8581904.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.5858/arpa.2013-0358-RS
https://doi.org/10.1007/s10549-011-1686-9
https://doi.org/10.1200/JCO.2001.19.5.1455
https://doi.org/10.1200/JCO.2005.00.141
https://doi.org/10.1016/s0889-8588(05)70278-1
https://doi.org/10.1016/s0889-8588(05)70278-1
https://doi.org/10.1007/s10549-017-4448-5
https://doi.org/10.1007/s10549-017-4448-5
https://doi.org/10.1016/j.breast.2017.12.007
https://doi.org/10.1007/978-3-319-16366-6_3
https://doi.org/10.1007/978-3-319-16366-6_3
https://doi.org/10.1186/s12967-022-03287-w
https://doi.org/10.1186/s12967-022-03287-w
https://doi.org/10.17305/bjbms.2021.5911
https://doi.org/10.17305/bjbms.2021.5911
https://doi.org/10.3389/fpubh.2022.840525
https://doi.org/10.3389/fpubh.2022.840525
https://doi.org/10.1080/09286580902737532
https://doi.org/10.1177/15330338231164191
https://doi.org/10.1177/15330338231164191
https://doi.org/10.1002/cam4.2759
https://doi.org/10.1002/cam4.2759
https://doi.org/10.3390/cancers12071832
https://doi.org/10.3390/cancers12071832
https://doi.org/10.1186/s13058-020-01353-z
https://doi.org/10.1186/s13058-020-01353-z
https://doi.org/10.1007/s10549-010-0780-8
https://doi.org/10.1007/s10549-010-0780-8
https://doi.org/10.1371/journal.pmed.0030025
https://doi.org/10.1371/journal.pmed.0030025
https://doi.org/10.1200/JCO.2009.25.9796
https://doi.org/10.1200/JCO.2009.25.9796
https://doi.org/10.1634/theoncologist.2010-0234
https://doi.org/10.1634/theoncologist.2010-0234
https://doi.org/10.1093/jnci/djv366
https://doi.org/10.1093/jnci/djv366
https://doi.org/10.3349/ymj.2010.51.6.864
https://doi.org/10.1093/ajcp/aqv097
https://doi.org/10.1245/s10434-010-1198-6
https://doi.org/10.1245/s10434-010-1198-6
https://doi.org/10.1111/his.14290
https://doi.org/10.1001/jamaoncol.2015.5805

	Development and validation of competitive risk model for older women with metaplastic breast cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Data resources
	Variables definition
	Development and validation of the competitive risk model
	Clinical utility
	Statistical analysis

	Results
	Patient baseline characteristics
	Prognostic factors of survival
	Development of the competitive risk model
	Validation of the competitive risk model
	Clinical application

	Discussion
	Conclusion
	Anchor 22
	Acknowledgements
	References


