
ORIGINAL RESEARCH
published: 26 April 2021

doi: 10.3389/fonc.2021.572230

Frontiers in Oncology | www.frontiersin.org 1 April 2021 | Volume 11 | Article 572230

Edited by:

Noam Falbel Pondé,

A.C.Camargo Cancer Center, Brazil

Reviewed by:

Carlos Martinez-Perez,

Medical Research Council Institute of

Genetics and Molecular Medicine

(MRC), United Kingdom

Zeming Liu,

Zhongnan Hospital of Wuhan

University, China

*Correspondence:

Zujian Hu

hzj_56@hotmail.com

Tian Lan

lan_tian_lt@163.com

orcid.org/0000-0002-6946-5776

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Women’s Cancer,

a section of the journal

Frontiers in Oncology

Received: 13 June 2020

Accepted: 19 February 2021

Published: 26 April 2021

Citation:

Lan T, Lu Y, Zheng R, Shao X, Luo H,

He J, Yang H, Xu H, Wang X and Hu Z

(2021) The Role of Adjuvant

Chemotherapy in Metaplastic Breast

Carcinoma: A Competing Risk

Analysis of the SEER Database.

Front. Oncol. 11:572230.

doi: 10.3389/fonc.2021.572230

The Role of Adjuvant Chemotherapy
in Metaplastic Breast Carcinoma: A
Competing Risk Analysis of the SEER
Database
Tian Lan 1,2*†, Yunyan Lu 3†, Ruzhen Zheng 4, Xiying Shao 5, Hua Luo 1, Junling He 1,

Huifen Yang 1, Haibin Xu 1, Xiaojia Wang 5 and Zujian Hu 1*

1Department of Breast Surgery, Hangzhou TCM Hospital Affiliated to Zhejiang Chinese Medical University, Hangzhou

Hospital of Traditional Chinese Medicine, Hangzhou, China, 2 The Second Clinical Medical College, Zhejiang Chinese Medical

University, Hangzhou, China, 3Department of Cardiology, The First People’s Hospital of Xiaoshan District, Hangzhou, China,
4Department of Radiotherapy, Hangzhou Cancer Hospital, Hangzhou, China, 5Department of Medical Oncology (Breast),

Zhejiang Cancer Hospital, Cancer Hospital of the University of Chinese Academy of Sciences, Hangzhou, China

Purpose: Chemotherapy is the clinically recommended treatment for patients with

operable metaplastic breast carcinoma (MBC); however, its impact remains controversial.

This study investigated the possible role of chemotherapy in the treatment of MBC.

Methods: The Surveillance, Epidemiology, and End Results (SEER) database was

used to identify the operable MBC patients. The competing risk analysis along with

the propensity score matching (PSM) method was performed to evaluate the effect of

chemotherapy. Moreover, a competing risk nomogram was built to identify prognosis in

patients with MBC.

Results: Of the 1137 patients with MBC, 775 received chemotherapy and 362 did not

receive chemotherapy. The 5-year cumulative incidence of breast cancer-specific death

(BCSD) showed similar outcomes in both the Chemo and No-Chemo groups (21.1 vs.

24.3%, p= 0.57). Chemotherapy showed no apparent association with BCSD (HR, 1.07;

95% CI, 0.72–1.60; p = 0.72), even after subgroup analysis or PSM. Race, tumor size,

lymph node status, and radiation were identified as the significant factors for MBC after

a penalized variable selection process. In addition, a competing risk nomogram showed

relatively good accuracy of prediction with a C-index of 0.766 (95% CI, 0.700–0.824).

Conclusion: Our findings demonstrated that chemotherapy did not improve BCSD for

operable MBC patients. Thus, it may indicate the need to reduce exposure to the current

chemotherapy strategies for patients with resectable MBC. Additionally, some novel

treatment strategies are required urgently to identify and target the potential biomarkers.
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INTRODUCTION

Breast cancer is a common cancer worldwide and is estimated to have almost 279,100
new cases in 2020 (1). Metaplastic breast carcinoma (MBC) is a rare form of breast
cancer that accounts for 1%−2% of all cases (2). The World Health Organization
(WHO) has classified MBC as a heterogeneous group of tumors, including spindle
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TABLE 1 | The descriptive characteristics of metaplastic breast cancer (MBC) before and after PSM.

Before matching After matching

Characteristic No chemo Chemo p-value No chemo Chemo p-value

Sample size 362 775 236 236

Marital status (%) <0.001 0.988

Married 152 (42.0) 467 (60.3) 121 (51.3) 119 (50.4)

Divorced 43 (11.9) 96 (12.4) 37 (15.7) 37 (15.7)

Single 41 (11.3) 149 (19.2) 33 (14.0) 32 (13.6)

Widowed 126 (34.8) 63 (8.1) 45 (19.1) 48 (20.3)

Age (%) <0.001 0.51

18–49 25 (6.9) 224 (28.9) 20 (8.5) 25 (10.6)

50–59 59 (16.3) 226 (29.2) 63 (26.7) 55 (23.3)

60–69 66 (18.2) 200 (25.8) 63 (26.7) 54 (22.9)

70–79 97 (26.8) 106 (13.7) 71 (30.1) 75 (31.8)

≥80 115 (31.8) 19 (2.5) 19 (8.1) 27 (11.4)

Race (%) 0.019 0.735

White 295 (81.5) 574 (74.1) 194 (82.2) 187 (79.2)

Black 42 (11.6) 145 (18.7) 32 (13.6) 34 (14.4)

API 22 (6.1) 52 (6.7) 9 (3.8) 14 (5.9)

AI 3 (0.8) 4 (0.5) 1 (0.4) 1 (0.4)

Median household income (%) 0.093 0.936

Quartile 1 104 (28.7) 225 (29.0) 68 (28.8) 66 (28.0)

Quartile 2 106 (29.3) 182 (23.5) 73 (30.9) 70 (29.7)

Quartile 3 95 (26.2) 208 (26.8) 54 (22.9) 60 (25.4)

Quartile 4 57 (15.7) 160 (20.6) 41 (17.4) 40 (16.9)

Insurance (%) 1 1

Uninsured 5 (1.4) 11 (1.4) 4 (1.7) 3 (1.3)

Insured 357 (98.6) 764 (98.6) 232 (98.3) 233 (98.7)

Grade (%) <0.001 0.358

I 37 (10.2) 21 (2.7) 17 (7.2) 21 (8.9)

II 69 (19.1) 93 (12.0) 46 (19.5) 35 (14.8)

III 256 (70.7) 661 (85.3) 173 (73.3) 180 (76.3)

Stage (%) <0.001 0.955

I 118 (32.6) 153 (19.7) 80 (33.9) 77 (32.6)

II 212 (58.6) 479 (61.8) 131 (55.5) 133 (56.4)

III 32 (8.8) 143 (18.5) 25 (10.6) 26 (11.0)

Tumor size (%) 0.001 0.909

T0/1 124 (34.3) 178 (23.0) 84 (35.6) 82 (34.7)

T2 166 (45.9) 403 (52.0) 109 (46.2) 113 (47.9)

T3 55 (15.2) 135 (17.4) 34 (14.4) 30 (12.7)

T4 17 (4.7) 59 (7.6) 9 (3.8) 11 (4.7)

Node status (%) <0.001 0.712

N0 319 (88.1) 559 (72.1) 205 (86.9) 199 (84.3)

N1 31 (8.6) 153 (19.7) 18 (7.6) 25 (10.6)

N2 9 (2.5) 45 (5.8) 9 (3.8) 9 (3.8)

N3 3 (0.8) 18 (2.3) 4 (1.7) 3 (1.3)

Subtype (%) 0.005 0.866

Triple negative 255 (70.4) 531 (68.5) 174 (73.7) 166 (70.3)

HER2 enriched 6 (1.7) 36 (4.6) 3 (1.3) 4 (1.7)

Luminal A 99 (27.3) 187 (24.1) 58 (24.6) 65 (27.5)

Luminal B 2 (0.6) 21 (2.7) 1 (0.4) 1 (0.4)

(Continued)
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TABLE 1 | Continued

Before matching After matching

Characteristic No chemo Chemo p-value No chemo Chemo p-value

ER (%) 0.989 0.907

Negative 285 (78.7) 612 (79.0) 191 (80.9) 189 (80.1)

Positive 77 (21.3) 163 (21.0) 45 (19.1) 47 (19.9)

PR (%) 0.519 0.897

Negative 309 (85.4) 674 (87.0) 202 (85.6) 200 (84.7)

Positive 53 (14.6) 101 (13.0) 34 (14.4) 36 (15.3)

HER2 (%) 0.001 1

Negative 354 (97.8) 718 (92.6) 232 (98.3) 231 (97.9)

Positive 8 (2.2) 57 (7.4) 4 (1.7) 5 (2.1)

Surgery (%) 0.341 0.96

No surgery 10 (2.8) 22 (2.8) 7 (3.0) 6 (2.5)

BCS 159 (43.9) 305 (39.4) 104 (44.1) 104 (44.1)

Mastectomy 193 (53.3) 448 (57.8) 125 (53.0) 126 (53.4)

Radiation (%) <0.001 0.924

None/Unknown 241 (66.6) 351 (45.3) 148 (62.7) 150 (63.6)

Yes 121 (33.4) 424 (54.7) 88 (37.3) 86 (36.4)

ER, estrogen; PR, progesterone; BCS, breast conserving surgery.

TABLE 2 | The role of chemotherapy for metaplastic breast cancer (MBC) by CIF analysis and multivariate SH model before and after PSM.

CIF analysis Multivariate SH model

Status Group 5-year CID of

cancer

p-value 5-year CID of

other causes

p-value HR 95% CI p-value

Before matching No Chemo 0.211 0.574 0.182 <0.001 Reference 0.72–1.6 0.72

Chemo 0.243 0.014 1.07

After matching No Chemo 0.199 0.627 0.129 <0.001 Reference 0.6–1.69 0.98

Chemo 0.171 0.023 1.01

CID, cumulative incidences of death; HR, hazard ratio; 95% CI, 95% confidence index.

cell carcinoma, squamous cell carcinoma, MBC with
mesenchymal differentiation, fibromatosis-like metaplastic
carcinoma, and low-grade adeno squamous carcinoma (3). The
histopathologic characteristics ofMBC involve the differentiation
of cancer cells to the squamous epithelium or mesenchymal
constituents, such as spindle, osseous, and chon droid cells
(4). Most MBCs present with a triple-negative receptor status
[lack the expression of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2
(HER2)] (5).

Chemotherapy as a treatment strategy for MBC has shown
contradictory results. MBC was found to be less chemo sensitive
to the adjuvant, neoadjuvant, and palliative treatments (6–8),
while other studies found that chemotherapy could improve
the survival outcomes in MBC patients (5, 9, 10). The number
of samples restricted most studies due to the rarity of the
MBCdiagnosis. The Surveillance, Epidemiology, and End Results
(SEER) database that covers ∼28% of the U.S. population
provides a relatively large sample size for studying such a rare
disease (11). Several studies with relatively large sample sizes

evaluated the relationship between chemotherapy and overall
survival (OS), which might not represent the actual impact of
chemotherapy. It was found that the occurrence of non-breast
cancer-specific death (non-BCSD) could prevent the occurrence
of breast cancer-specific death (BCSD), and this could have led to
result bias in these studies (12).

For these reasons, the proportional sub distribution hazards
(SH) regression model and cumulative incidence function (CIF)
was conducted in the SEER database to understand the effect
of chemotherapy on BCSD in patients with early resectable
MBC. Moreover, we tried to establish an appropriate individual
assessment model based on the results of SH modeling, to help
the physicians achieve more accurate and individual prognosis
estimation in daily practice.

MATERIALS AND METHODS

Study Population
Data on MBC records were obtained using the SEER 18
regions database [Incidence-SEER 18 Regs Research Data (with
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additional treatment fields), Nov 2018 Sub (1975-2016 varying)].
Permission to access the SEER database (ID number: 17010-
Nov2018) was procured using the SEER-stat software (SEER∗Stat
8.3.6). Therefore, this study received exemption from the
Ethics Committee of Hangzhou Hospital of Traditional Chinese
Medicine. Patients diagnosed before 2010 were excluded due to
the lack of information on HER2 before 2010. In addition, we
eliminated patients with metastasis MBC in the present study.
Selection criteria to identify eligible patients were set as follows:
(1) female patients; (2) aged≥ 18 years at diagnosis; (3) histology
ICD-O-3 (International Classification of Diseases for Oncology,
3rd edition) limited to MBC (8,980, 8,575, 8,572, 8,571, 8,560,
8,074, 8,072, 8,071, 8,070, and 8,052); (4) survival times ≥ 1
month. A total of 597 MBC patients with missing or incomplete
clinic pathological data were excluded.

Study Variables
The SEER database provided the following clinic pathological
factors: demographic and socioeconomic data (gender, age at
diagnosis, marital status, ethnicity, median household income,
and insurance status); clinic pathologic features (tumor size,
tumor grade, lymph node, TNM stage, ER, HER2, PR,
and molecular subtype); treatment regimens; and prognostic
information. The patients were divided into (a) Chemo group
(patients who received chemotherapy) and (b) No-Chemo group
(patients who did not receive chemotherapy) to explore the
role of chemotherapy in the operable MBC. Patients were split
into five groups based on their age: 18–49, 50–59, 60–69,
70–79, and ≥80 years. Ethnicity included Caucasian, African
American, American Indian/Alaska Native (AI), and Asian or
Pacific Islander (API). Socioeconomic status was classified into

quartiles: quartile 4 (>$74,441), quartile 3 ($60,891–$74,440),
quartile 2 ($52,621–$60,890), and quartile 1 (<$52,620). TNM
staging was defined based on the guidelines of the 7th American
Joint Committee on Cancer (AJCC), which comprised stages I–
III. Tumor grade IV was combined with grade III. Treatment
strategies included surgery (none, mastectomy, breast conserving
surgery), radiotherapy, and chemotherapy.

Statistical Analyses
The baseline features of patients in the Chemo group and the
No-Chemo group were compared using the chi-squared test.
Cumulative incidences of death (CID) for both BCSD and non-
BCSDwere assessed by the cumulative incidence functionmodel.
We used the SH model, a popular semi-parametric model for
time-to-event data that considers competing risks, to quantify the
impact of covariates on BCSD (13). The measures of prognostic
effect on MBCmortality were expressed in terms of hazard ratios
(HR) and 95% confidence intervals (CI).

A 1:1 propensity scorematching (PSM) analysis was employed
to decrease the selection bias andmimic a randomized controlled
trial, as well as to re-examine the effect of chemotherapy on
MBC using the R package “MatchIt” (14). We considered the
standardized differences (SD) below 0.1 across the baseline
variates after matching as the success of the balance (15).
The critical factors identified by penalized variable selection
methods, including smoothly clipped absolute deviation (SCAD),
mini max concave penalty (MCP), and least absolute shrinkage
and selection operator (LASSO), were adopted to construct a
competing risk nomogram using the R package “regplot”.

Calibration and discrimination are two important aspects of
a model validation (16). The concordance index (C-index) was

FIGURE 1 | Cumulative incidence plot depicting cancer-caused death and other cause mortality based on chemotherapy before (A) and after (B) PSM.
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assessed to evaluate the discrimination ability of the nomogram
between 0.5 (no discrimination) and 1.0 (perfect discrimination).
Brier score refers to the simultaneous discrimination and
calibration (17). Calibration was measured graphically based
on the relationship between the observed endpoints and the
predictions. C-index, brier score, and calibration curves were
all calculated by R package “riskRegression”. Here, all the
statistical analyses were performed utilizing R (version 3.5.2,
https://www.r-project.org/). A p-value of <0.05 was considered
statistically significant.

RESULTS

Patient Characteristics
In this study, 1137 patients with MBC fulfilled the eligibility
criteria and were divided into (a) the Chemo group (n = 775;

patients who received chemotherapy) and (b) the No-Chemo

group (n= 362; patients who did not receive chemotherapy). The

demographics and clinical information for these two groups are

presented in Table 1. Patients in the No-Chemo group presented

with higher percentage of widows (34.8 vs. 8.1%), older age (age

> 70; 58.6 vs. 16.2%), higher white population (81.5 vs. 74.1%),

lower histologic grade (I and II; 29.3 vs. 14.7%), higher percentage

of stage I (32.6 vs. 19.7%), smaller tumor size (T0/1; 34.3 vs.

23%), more negative axillary lymph nodes (N0; 88.1 vs. 72.1%),

more HER2 negative (97.8 vs. 92.6%), and less radiation (33.4

vs. 54.7%) (all p < 0.05) compared with those in the Chemo

group. There was no remarkable difference between these groups

in terms of insurance status, ER, PR, and surgery. The No-Chemo

group showed an increase of non-BCSD with a growth in age

(Supplementary Table 1).

FIGURE 2 | Cumulative incidence plot depicting cancer-caused death and other cause mortality according to stage (A–C), grade (D–F), and subtype (G–I).
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FIGURE 3 | Cumulative incidence plot depicting cancer-caused death and other cause mortality according to tumor size (A–D) and node status (E–H).

A 1:1 matched cohort was obtained by performing PSM
to eliminate the differences between two groups mentioned
above. The demographic and clinic pathological features in this
cohort were well-balanced (Table 1). All variables across the
groups showed an absolute mean difference of <0.1 after PSM
(Supplementary Figure 1).

The Role of Chemotherapy in the Operable
MBC
The 5-year cumulative incidence of BCSD showed similar
outcomes in both the Chemo and No-Chemo groups (21.1
vs. 24.3%, p = 0.57) (Table 2). Additionally, the patients
in the Chemo group had a lower cumulative incidence of
non-BCSD than those in the No-Chemo group (1.4 vs.
18.2%, p < 0.001). A multivariate SH model showed that
receiving chemotherapy had no apparent association with BCSD
(HR, 1.07; 95% CI, 0.72–1.60; p = 0.72) (Figure 1A). When
subgroup analysis was performed based on several clinical factors
(stage, gender, subtype, tumor size, and node status), a nearly
universal result was obtained for all subgroups, presenting
that there was no association between chemotherapy and the
5-year cumulative incidence of BCSD (Figures 2, 3). After
PSM, the new results based on the competing risk model
were consistent with that of the pre-matched investigation
(Figure 1B). These multidimensional results demonstrated
that chemotherapy did not improve BCSD in patients with
resectable MBC.

The non-white and non-black population, single status, larger
tumor size, and higher number of positive lymph nodes were risk

factors associated with breast cancer-specific survival (BCSS) in
the operable MBC by using the multivariate SH model (HR > 1,
p < 0.05) (Table 3).

Construction and Validation of a
Nomogram Model
Three popular methods of penalized variable selection, LASSO,
SCAD, and MCP, were performed to identify the variates.
Selection results and estimated coefficients are presented in
Table 4. Race, tumor size, lymph node status, and radiation
were identified as the significant variables. Next, we built a
competing risk nomogram, together with the weighted risk
score and the variables mentioned above (Figure 4). The
bootstrap method was used to perform the internal validation.
The nomogram showed adequate discrimination with a C-
index of 0.766 (95% CI, 0.700–0.824) for a 5-year prediction
(Figure 5A). Brier score was plotted over time in Figure 5B.
The brier value of the nomogram we developed here was
smaller than the null model, which revealed a good prediction
of our model. According to the calibration plot, it was a
good agreement between the prediction by nomograms and
actual observations, which implied that the nomogram had
good accuracy as an ideal model (Figure 5C). A total of
1033 patients were diagnosed between 2004 and 2009 in
the SEER database. External validation was performed to
evaluate the value of the nomogram. For 5-year BCSD, the C-
index was 0.745 (95% CI, 0.714–0.801) in the testing cohort
(Supplementary Figure 2A). Brier score and calibration were
plotted in Supplementary Figures 2B,C.
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TABLE 3 | The results of multivariate SH model for metaplastic breast

cancer (MBC).

HR 95% CI se (coef) z p-value

Marital status

Married Reference

Divorced 0.93 0.57–1.51 0.249 −0.305 0.76

Single 1.61 1.13–2.31 0.183 2.604 0.01

Widowed 0.68 0.43–1.08 0.232 −1.643 0.10

Age

18–49 Reference

50–59 1.85 1.18–2.89 0.228 2.690 0.01

60–69 1.01 0.72–1.43 0.173 0.086 0.93

70–79 0.89 0.64–1.23 0.165 −0.728 0.47

≥80 1.08 0.8–1.46 0.153 0.514 0.61

Race

White Reference

Black 1.04 0.71–1.53 0.197 0.209 0.83

API 1.61 1–2.59 0.242 1.974 0.05

AI 3.74 2.21–6.34 0.268 4.917 0.00

Median household income

Quartile 1 Reference

Quartile 2 0.75 0.56–1.01 0.151 −1.873 0.06

Quartile 3 1.11 0.84–1.48 0.146 0.742 0.46

Quartile 4 0.96 0.73–1.27 0.142 −0.256 0.80

Insurance

Uninsured Reference

Insured 1.45 0.41–5.17 0.649 0.573 0.57

Grade

I Reference

II 0.87 0.28–2.72 0.584 −0.246 0.81

III 1.36 0.48–3.86 0.530 0.587 0.56

Tumor size

T0/1 Reference

T2 2.16 1.25–3.75 0.281 2.748 0.01

T3 5.99 3.29–10.92 0.306 5.845 0.00

T4 7.84 4–15.34 0.343 6.008 0.00

Node status

N0 Reference

N1 1.55 1.07–2.25 0.188 2.341 0.02

N2 1.78 1.04–3.06 0.275 2.105 0.04

N3 1.99 1.08–3.66 0.310 2.221 0.03

ER

Negative Reference

Positive 0.85 0.59–1.22 0.184 −0.896 0.37

PR

Negative Reference

Positive 1.24 0.81–1.9 0.218 0.974 0.33

HER2

Negative Reference

Positive 0.63 0.31–1.27 0.360 −1.296 0.20

Surgery

No surgery Reference

BCS 0.56 0.22–1.41 0.474 −1.233 0.22

Mastectomy 0.71 0.31–1.63 0.427 −0.812 0.42

(Continued)

TABLE 3 | Continued

HR 95% CI se (coef) z p-value

Radiation

None/Unknown Reference

Yes 0.73 0.52–1.02 0.173 −1.838 0.07

Chemotherapy

No Chemo Reference

Chemo 1.07 0.72–1.6 0.203 0.354 0.72

HR, hazard ratio; 95%CI, 95% confidence index; se (coef), standard error of the regression

coefficient; AI, American Indian/Alaska Native; API, Asian or Pacific Islander; ER, estrogen;

PR, progesterone.

TABLE 4 | Variable selection based on estimated coefficients (SEs) by the

SH model.

LASSO SCAD MCP

Marital status 0 0 0

Age 0 0 0

Race 0.023 0.014 0.023

Median household

income

0 0 0

Insurance 0 0 0

Grade 0 0 0

Tumor size 0.654 0.836 0.825

Node status 0.119 0.05 0.095

ER 0 0 0

PR 0 0 0

HER2 0 0 0

Surgery 0 0 0

Radiation −0.007 −0.038 −0.072

Chemotherapy 0 0 0

LASSO, least absolute shrinkage and selection operator; SCAD, smoothly clipped

absolute deviation; MCP, measure correlate predict; ER, estrogen; PR, progesterone.

DISCUSSION

In the time-to-event analysis, death is an event that can be
observed for each patient. Several different causes can lead to
death, especially in patients with breast cancer having a long
survival time (18). The observation of one type of death can
hinder the occurrence of another sort of death (13). However, the
majority of the previous studies on MBC ignored and censored
the competing risks event, which should be a key consideration
in the survival analysis. Additionally, imbalances of baseline
characteristics between groups can cause selection bias. PSM
could reduce the selection bias and produce results similar
to those from randomized control researches (19). Given the
competing risks event and potential selection bias that existed,
we used the PSM analysis and competing risk model to evaluate
the impact of chemotherapy in the resectable MBC.

In the view of the present National Comprehensive Cancer
Network guidelines, medical oncologists usually chose chemo
regimens for patients with MBC based on the molecular
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subtypes and TNM stage in clinical practice. However, the
influence of chemotherapy in this rare pathologic entity of
breast cancer is controversial. In some case series, chemotherapy
has shown limited efficacy in patients with MBC regardless of
its administration in an adjuvant or palliative setting (20–22).
Additionally, a study based on the SEER database demonstrated
that chemotherapy did not lead to improved BCSS inmultivariate
Cox proportional hazard models (23). On the contrary, a
retrospective study of the National Cancer Data Base (NCDB)
indicated that administration of chemotherapy independently
improved OS for patients with MBC by using multivariate
analysis (10). Another population-based research has shown that
chemotherapy continued to be associated with improved OS in
MBC (24). Meanwhile, a report based on the SEER database
concluded that chemotherapy could improve OS in MBC with
triple-negative subtype by using Kaplan–Meier analysis (5).
Lack of prospective random trials, different MBC patients
selection, study endpoints, and statistical methods in previous
retrospective studies may contribute to this controversy whether
chemotherapy should be useful in the operable MBC. In the
present study, chemotherapy seems to significantly decrease the
incidence of non-BCSD but not BCSD. After the subgroup
analysis or the PSM, the results also corroborated our finding.
It demonstrated that patients in the No-Chemo group presented
with older age (age > 70, 57.9 vs. 15.8%) in comparison
with those in the Chemo group. Some potential comorbidities
unavailable in the SEER database, older age, and a higher

percentage of widowed patients in the No-Chemo group may
explain the discrepancy of non-BCSD between the No-Chemo
and Chemo groups partially. Therefore, we suggested that the
patients with resectable MBC should be treated with less current
chemotherapy or even no chemotherapy, even if it was reported
that there was a worse prognosis of MBC compared with
conventional triple negative breast cancer that usually triggered
adjuvant chemotherapy (25).

In consideration of the ineffectiveness of current
chemotherapy and poor outcomes of MBC, it is urgent to
find better systemic therapy against potential molecular targets.
We found that HER2 receptor was negative in major patients
with MBC (94%), which was consistent with previous studies
(26). Thus, anti-HER2 therapy could not be implemented as
an applicable treatment option. Some comprehensive genomic
studies revealed that there was a high prevalence of PI3KCA
mutations and loss of PTEN in MBC, suggesting that treatments
targeting the PI3K/AKT/MTOR pathway may be effective
(27, 28). Some MTOR inhibitors, such as temsirolimus and
everolimus, have been studied in clinical trials. They seem
to suppress MBC through dual anti-cancer effects (MTOR
pathway inhabitation and angiogenesis suppression) (10, 29, 30).
Also, Atezolizumab plus nab-paclitaxel has been approved
as the first immunotherapy regimen for patients with locally
advanced or metastatic triple-negative breast tumors expressing
PD-L1 (31). PD-L1 overexpression was observed in 33 of
72 (46%) MBC cases, demonstrating the potential benefit of

FIGURE 4 | A nomogram based on SH model for predicting 60-month risk of death of patients with metaplastic breast cancer (MBC). *p < 0.05, **p < 0.01, and

***p < 0.001.
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FIGURE 5 | The discrimination and calibration of the SH model-based nomogram. (A) The time-dependent AUC graph. (B) The brier value graph according to the

time. (C) The 5-year calibration plot.

immunotherapy for MBC (32). We found that almost 70% of
MBC were triple-negative subtype, which was consistent with a
previous study. It looks worthy to further investigate the effect
of immunotherapy in MBC. Other studies demonstrated the
abnormal activation of the canonical WNT signaling pathway
by FAT1 mutations in MBC (33). MBC was also enriched with
cells having stem cell-like characteristics and mesenchymal
features associated with epithelial–mesenchymal transition
(EMT), which may be a cause for the chemoresistant nature of
MBC (34–36). Therefore, blocking the WNT signaling pathway,
cancer stem cells, or EMT could be another potential novel
treatment strategy.

To predict the BCSS of MBC individually, we adopted
a large-scale SEER database to construct and validate a
convenient nomogram, which is a valuable quantitative tool
for individualized treatment. Race, tumor size, node status, and
radiation were identified as the key variates to develop the first
competing risk nomogram for operableMBC due to the results of
SCAD, LASSO, and MCP, which may provide some clue for the
treatment ofMBC. Some novel therapeutic strategies are required
urgently for MBC to increase the clinical application value of
the nomogram.

Our study is not devoid of limitations. First, the absence of
detailed information on chemotherapy in the SEER database,
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such as chemotherapy regimen, dose, duration, and side
effect, limits the interpretation of study results. Patients that
received a diagnosis amid 2010 and 2015 were recruited in
the contemporary SEER database, and we speculated that most
of these patients were treated with anthracyclines, taxanes, or
platinum. Second, the SEER database lacks information on some
crucial factors linked with prognosis, such as Ki67, targeted
therapy, endocrine therapy, and comorbidities, which might
cause bias. However, around 70% of patients with MBC in the
current study were triple-negative MBC who did not require
endocrine therapy and HER2-targeted treatment. Third, we need
a larger sample size and longer follow-up duration to confirm
our findings. Fourth, despite the implementation of statistical
matching, some biases were inevitable due to the retrospective
nature of this study. However, it is difficult to conduct prospective
clinical trials due to the rarity of MBC. Thus, we would urge to
interpret our findings with caution given these limitations.

In conclusion, the use of chemotherapy did not improve
BCSS in the operable MBC. We suggest that a decreased
necessity for current chemotherapy should be accepted to
prevent overtreatment of patients with MBC. Meanwhile, some
novel treatment strategies are required to target the potential
biomarkers. We also constructed a competing-risk nomogram
as a clinical tool to estimate the prognosis of operable MBC.
Prospective studies or larger cohorts are warranted to further
validate our results.
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