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Abstract
Background: Only few studies, with small patient cohorts, have evaluated the effect of radiotherapy (RT) for
metaplastic breast cancer (MBC). Hence, it is important to investigate the role of RT in MBC survival using a large
population-database.
Methods: A retrospective cohort study using the Surveillance, Epidemiology, and End Results (SEER) from 1973 to
2015 was performed. We compared MBC patients with or without RT for overall survival (OS) and breast cancer-specific survival (BCSS) using univariate and multivariate Cox proportional hazard regressions before and after propensity
score matching (PSM).
Results: From a total of 2267 patients diagnosed with MBC between 1998 and 2015, 1086 (47.9%) received RT. In the
multivariate analysis before PSM, RT provided a better OS (HR 0.73; 95% CI 0.61–0.88; p = 0.001) and BCSS (HR 0.71;
95% CI 0.58–0.88; p = 0.002). Multivariate analyses after PSM (n = 1066) confirmed that patients receiving RT (n = 506)
survived longer than those without RT (OS, HR 0.64; 95% CI 0.51–0.80; p < 0.001 and BCSS, HR 0.64; 95% CI 0.50–0.83;
p = 0.001). A longer OS was observed when RT was given to older patients (p = 0.001) and in case of large tumor size
(p = 0.002). Intriguingly, patients with N0 stage showed better OS after RT (HR 0.69, P = 0.012).
Conclusions: Our findings support the beneficial effect of RT for MBC patients. In particular, older patients or with
large tumor size have a greater survival benefit from RT. In conclusion, we have assessed the importance of the use of
RT in MBC as survival factor and this could lead to the development of guidelines for this rare sub-type of tumors.
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Background
Metaplastic breast cancer (MBC) is a rare pathologic
entity of the mammary gland accounting for about 0.2–
2% of breast cancer diagnoses and is generally associated with poor overall survival (OS) [1–3]. In 2010, MBC
was defined as a unique histologic subtype by the World
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Health Organization [4]. The histologic classification of
MBC is primarily based on the morphology of tumor cell
types: purely epithelial or mesenchymal components,
or a mixture of both [5]. Because of the increased cognizance of MBC by pathologists, lately there has been
a rise in diagnoses [6, 7]. In the past decade, four independent databases confirmed the worse prognosis of
MBC compared with non-MBC [7–10]. However, in
light of its rarity, there are no association-endorsed treatment guidelines specific to the management of MBC.
In the recently revised National Comprehensive Cancer
Network (NCCN) guidelines, metaplastic carcinoma,
defined as more than 10% of the tumor phenotype, is an
independent prognostic variable; however, the guidelines
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used for its treatment are the same as for infiltrating
ductal carcinoma (IDC) [11]. Compared with IDC, MBC
tumors are often in a more advanced T stage, less likely
to have nodal involvement, more likely to be hormone
receptor negative, and of higher grade. A recent case–
control study demonstrated that the proportion of triple
negative breast cancer (TNBC) in patients with stage I-III
MBC is significantly higher than in IDC patients with
the same stage (64.1% vs 12%, p < 0.001) [12]. Even when
restricted to patients with TNBC, survival disparities
persist between MBC and IDC [8].
Because of the high incidence of hormone receptor
negativity in MBC, the majority of these patients receive
systemic therapy after surgical treatment [13]. Endocrine
therapy is unlikely to influence survival. On the other
hand, Cimino et al. [14] showed that adjuvant chemotherapy was associated with improved OS of patients
with MBC, although the effect was limited to early-stage
cases. Multiple other reports have demonstrated that
MBC have a poorer response to chemotherapy regimens
when compared to IDC [15–20]. Regarding the effectiveness of radiotherapy (RT) for MBC, there is a limited
number of studies and the investigated patient cohorts
are generally small. Tseng and Martinez [10] studied a
cohort of MBC patients treated between 1988 and 2006
and concluded that the use of adjuvant RT independently associates with improved OS. Similar results were
reported in another study, indicating an improvement
in local–regional recurrence (LRR) (p = 0.009) and OS
(p < 0.001) after RT [21].
Thus, adjuvant RT should be explored as an approach
to improve the dismal outcome of MBC. Indeed, precise
guidelines are needed regarding the administration of
adjuvant RT.
For these reasons, we analyzed a large database from
the Surveillance, Epidemiology, and End Results (SEER)
registry, through conventional methods and a propensity score matching (PSM) approach to investigate the
impact of postoperative RT and clinicopathologic factors
of MBC on patient prognostics.

Methods
Study population and data sources

The database from the National Cancer Institute’s SEER
program was queried to build our study cohort. The SEER
database includes 18 registries covering approximately
28% of the U.S. population and contains basic demographics and some clinical characteristics [22]. We used
the SEER database, to include all participants diagnosed
with microscopically confirmed MBC between the years
1973–2015. Metaplastic histology was identified with
SEER ICD-0-3 codes: 8052, 8070–8072, 8074, 8560, 8571,
8572, 8575, and 8980. All patients diagnosed on autopsy
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or death certificate, or that presented stage IV MBC, with
multiple primary lesions, or that received neoadjuvant
RT were excluded from the study. The following clinicopathological factors were extracted from the SEER database: age at diagnosis; marital status; race; TNM stage;
tumor grade; hormone receptor status; T stage; N stage
and treatment data including surgery for the primary site,
chemotherapy record, and adjuvant radiotherapy.
Survival analysis and propensity matching

PSM is a tool for decreasing selection bias in non-randomized studies and achieving balance covariates across
treatment groups. The propensity score is the conditional
probability of assignment to a particular treatment given
a vector of observed covariates [23]. PSM permits the
exclusion of bias factors that predict a type of treatment
rather than the treatment per se. We created a matched
dataset using PSM, using age (over and equal or under
60 years old), marital status, race, T stage, N stage, tumor
grade, estrogen receptor (ER) status, progesterone receptor (PR) status, and treatment options including surgery (lumpectomy or mastectomy) and chemotherapy
(yes versus no) as covariates. Then, PSM was performed
using 1:1 nearest neighbor matching to create a matched
pair between the RT group and the No RT group. A Chi
square test for categorical variables was used to compare
across groups.
Statistical analysis

We employed univariate and multivariate Cox proportional hazard models to identify factors associated with
improved OS and breast cancer-specific survival (BCSS),
using results reported as hazard ratio (HR) and 95% confidence intervals (CI). OS was defined as the time from
diagnosis to death or last follow-up. Patients with BCSS
were identified using the cause of death provided by the
death certificate. In order to account for missing values,
multiple imputation methods using polytomous logistic
regression were applied by MICE package in R software
[24] and pooled the modeled data for a complete data
set. The Kaplan–Meier method was used to estimate
the survival curve and log-rank test was performed for
comparison of survival between the nominal variables.
All statistical analyses were conducted using R software (ver.3.5.1) and SPSS statistical software (ver.24.0)
with a two-sided p value < 0.05 considered statistically
significant.

Result
Patient characteristics

Overall, 2267 patients who received treatment for
MBC were identified from the SEER database. We
divided the patients into two distinct groups, those
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who received RT (case, n = 1086) and those who did not
receive adjuvant RT (No RT-control, n = 1181) (Fig. 1).
Because multiple clinical parameters were necessary
for this study, only patients diagnosed with MBC during 1998–2015 met the inclusion criteria (Additional
file 1: Table S1). Clinical and pathologic characteristics
of all MBC patients are presented in Additional file 2:
Table S2. The median follow-up for all MBC patients
was 44 months. MBC tumors were more commonly
of high grade (G3/G4: 72.4%), although 10.9% had
unknown tumor grade, and no lymph node involvement (76.8%), Patients were more commonly treated
with mastectomy (58.3%). Breast-conserving surgery
was carried out in 41.7% of patients. ER and PR were
not expressed in 77.1% and 81.5% of MBC patients,
respectively. Around 51.2% of patients underwent sentinel lymph node biopsy (SLNB). Given the significant
differences between case and control groups, a PSM
was used to balance the distribution of most demographic and clinical characteristics. After matching,
no variables were significantly different between cases
and controls (Table 1). Participants were predominately
matched within the common region (Additional file 3:
Figure S1A).

Fig. 1 Flow diagram of study cohort selection
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Survival analyses in the whole SEER cohort

OS of the entire cohort was 70.7% at 5 years and 61.0%
at 10 years while the BCSS of was 76.3% at 5 years and
72.4% at 10 years. All the baseline characteristics and
selected variables were included in univariate and multivariate analyses in relation to both OS and BCSS
(Table 2). Patients who underwent mastectomy were
found to receive less RT than patients undergoing breast
conserving therapy (Additional file 3: Figure S1B), despite
a much higher rate of tumors > 5 cm (Additional file 3:
Figure S1C). As expected, increased age, higher N stage,
and larger tumor size were associated with worse OS and
BCSS, while receiving RT was strongly associated with
better survival (OS: HR 0.73; 95% CI 0.61–0.88; p = 0.001
BCSS: HR 0.71; 95% CI 0.58–0.88; p = 0.002). In fact,
in patients receiving RT, OS was 77.1% at 5 years and
66.9% at 10 years versus respectively 64.6% and 55.3%
in patients not receiving RT (Fig. 2a). BCSS for patients
receiving RT was 80.1% at 5 years and 74.5% at 10 years
compared with 72.6% and 70.5% in patients not receiving RT (Fig. 2b). Chemotherapy was only associated
with improved OS, but not BCSS in multivariate analysis
(Table 2).
In order to assess the influence of RT regimen and
chemotherapy regimen on our results, we determined the
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Table 1 Selected baseline characteristics for the SEER database study population divided per study groups
before and after PSM
Characteristics

Before PSM (2267)
No RT

After PSM (1066)
RT

Age at diagnosis

P-value

No RT

RT

264 (49.5%)

296 (55.5%)

269 (50.5%)

237 (44.5%)

402 (75.4%)

408 (76.5%)

< 0.05

0.057

< 60

504 (42.7%)

592 (54.5%)

≥ 60

677 (57.3%)

494 (45.5%)

White

929 (78.7%)

825 (76.0%)

Black

163 (13.8%)

190 (17.5%)

95 (17.8%)

85 (15.9%)

89 (7.5%)

71 (6.5%)

36 (6.8%)

40 (7.5%)

Single

185 (15.7%)

151 (13.9%)

86 (16.1%)

81 (15.2%)

Married

996 (84.3%)

935 (86.1%)

447 (83.9%)

452 (84.8%)

23 (4.3%)

24 (4.5%)

Ethnicity

Others

0.263

Grade
G1

0.667

< 0.05

Marital status

0.736

0.539
64 (5.4%)

56 (5.2%)

0.472

G2

173 (14.6%)

137 (12.6%)

66 (12.4%)

69 (12.9%)

G3

888 (75.2%)

839 (77.3%)

416 (78.0%)

400 (75.0%)

G4

56 (4.7%)

54 (5.0%)

28 (5.3%)

40 (7.5%)

451 (84.6%)

441 (82.7%)

82 (15.4%)

92 (17.3%)

475 (89.1%)

460 (86.3%)

58 (10.9%)

73 (13.7%)

373 (70.0%)

385 (72.2%)

160 (30.0%)

148 (27.8%)

381 (71.5%)

382 (71.7%)
112 (21.0%)

ER status

0.413

Negative

979 (82.9%)

885 (81.5%)

Positive

202 (17.1%)

201 (18.5%)

PR status
1044 (88.4%)

930 (85.6%)

Positive

137 (11.6%)

156 (14.4%)

Stage T
≤ 5 cm

> 5 cm

0.456

0.058

Negative

0.192

0.457

< 0.05
937 (79.3%)

814 (75.0%)

244 (20.7%)

272 (25.0%)

Stage N

0.090

N0

929 (78.7%)

811 (74.7%)

0.202

N1

173 (14.6%)

195 (18.0%)

96 (18.0%)

N2

51 (4.3%)

45 (4.1%)

35 (6.6%)

22 (4.1%)

N3

28 (2.4%)

35 (3.2%)

21 (3.9%)

17 (3.2%)

247 (20.9%)

283 (26.1%)

109 (20.5%)

115 (21.6%)

Stage TNM
I

0.848

< 0.05

II

779 (66.0%)

605 (55.7%)

314 (58.9%)

314 (58.9%)

III

155 (13.1%)

198 (18.2%)

110 (20.6%)

104 (19.5%)

Lumpectomy

254 (21.5%)

692 (63.7%)

248 (46.5%)

240 (45.0%)

Mastectomy

927 (78.5%)

394 (36.3%)

285 (53.5%)

293 (55.0%)

176 (33.0%)

151 (28.3%)

357 (67.0%)

382 (71.7%)

Breast operation

0.667

< 0.05

Chemotherapy

0.111

< 0.05

Not done/unknown

548 (46.4%)

254 (23.4%)

Done

633 (53.6%)

832 (76.6%)

Axilla LN operation

0.425

0.050

SLNB

581 (49.2%)

580 (53.4%)

261 (49.0%)

247 (46.3%)

ALND

600 (50.8%)

506 (46.6%)

272 (51.0%)

286 (53.7%)

SLNB Sentinel lymph node biopsy, ALND axillary lymph node dissection
Significant results are in italic

P-value
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Table 2 Univariate and multivariate analyses of OS and BCSS for the MBC variables included in the study before PSM
Characteristics

Univariate

Multivariate

OS
HR (95% CI)

BCSS
P-value

HR (95% CI)

< 0.01

1.23 (1.02–1.48)

OS
P-value

BCSS

HR (95% CI)

P-value

HR (95% CI)

P-value

1.81 (1.51–2.16)

< 0.01

1.36 (1.11–1.66)

< 0.001

Age at diagnosis (< 60 as ref.)
≥ 60

1.92 (1.63–2.26)

< 0.05

Race (white as ref.)
Black

1.02 (0.82–1.27)

0.843

1.12 (0.88–1.43)

0.364

1.01 (0.81–1.26)

0.958

0.97 (0.76–1.25)

0.828

Others

0.91 (0.65–1.26)

0.583

0.98 (0.68–1.42)

0.922

0.95 (0.69–1.32)

0.763

0.97 (0.67–1.41)

0.872

0.449

0.78 (0.62–1.00)

0.93 (0.74–1.17)

0.54

0.92 (0.71–1.18)

0.506

Marital status (single as ref.)
Married

0.92 (0.74–1.14)

< 0.05

Grade (G1 as ref.)
G2

1.23 (0.79–1.93)

0.36

1.08 (0.61–1.92)

1.08 (0.69–1.69)

0.747

0.93 (0.52–1.65)

0.801

G3

1.5 (1.01–2.25)

< 0.05

1.77 (1.07–2.92)

< 0.05

0.786

1.18 (0.78–1.77)

0.438

1.14 (0.69–1.9)

0.605

G4

1.94 (1.20–3.15)

< 0.01

2.50 (1.40–4.49)

< 0.01

1.56 (0.96–2.54)

0.076

1.65 (0.92–2.98)

0.095

0.36

0.88 (0.68–1.13)

0.318

0.88 (0.68–1.14)

0.316

0.8 (0.59–1.08)

0.146

0.077

0.87 (0.66–1.16)

0.339

0.81 (0.60–1.09)

0.162

0.95 (0.68–1.34)

0.779

4.55 (3.79–5.46)

< 0.001

2.92 (2.44–3.49)

3.44 (2.79–4.24)

< 0.001

ER status (negative as ref.)
Positive

0.9 (0.73–1.12)

PR status (negative as ref.)
Positive

0.8 (0.62–1.03)

Stage T (≤ 5 cm as ref.)
> 5 cm

3.65 (3.11–4.28)

< 0.01

< 0.01

Stage N (N0 as ref.)
N1

1.79 (1.48–2.17)

< 0.01

2.35 (1.89–2.91)

< 0.001

1.55 (1.26–1.91)

< 0.01

1.78 (1.41–2.25)

< 0.001

N2

3.45 (2.60–4.59)

< 0.01

4.01 (2.91–5.52)

< 0.001

2.55 (1.88–3.46)

< 0.01

2.49 (1.76–3.51)

< 0.001

N3

3.86 (2.78–5.36)

< 0.01

5.03 (3.54–7.17)

< 0.001

2.91 (2.06–4.11)

< 0.01

3.33 (2.29–4.84)

< 0.001

< 0.01

2.75 (2.22–3.41)

< 0.001

1.3 (1.05–1.61)

< 0.05

1.32 (1.02–1.70)

< 0.05

0.934

0.71 (0.60–0.85)

< 0.001

1.02 (0.82–1.27)

Breast operation (lumpectomy as ref.)
Mastectomy

2.56 (2.14–3.06)

Chemotherapy (not done/unknown as ref.)
Done

0.62 (0.53–0.72)

< 0.01

0.99 (0.82–1.2)

< 0.001

0.73 (0.61–0.88)

< 0.001

0.73 (0.61–0.88)

0.001

0.71 (0.58–0.88)

< 0.001

2.18 (1.79–2.65)

< 0.001

1.17 (0.97–1.42)

0.096

1.14 (0.91–1.43)

0.848

Radiotherapy (not done as ref.)
Done

0.62 (0.53–0.73)

< 0.01

Axilla LN operation (SLNB as ref.)
ALND

1.91 (1.62–2.25)

0.254

SLNB Sentinel lymph node biopsy, ALND axillary lymph node dissection
Significant results are in italic

time points when significant changes in BC therapy took
place and we split our initial cohort into two cohorts,
before and after the changes in therapy. The most significant changes in the RT regimen for breast cancer patients
occurred during the period 1997–1999 [25–27]. In the
present study, the majority (96.33%) of the MBC patients
were diagnosed after 2000 (Additional file 1: Table S1),
implying that the radiotherapy received by these patients
was mostly homogenous.
On the other hand, around 2005 we assisted to a significant change in breast cancer treatment which consisted
in the addition of taxanes (docetaxel and paclitaxel) to
the adjuvant chemotherapy regimens [28, 29]. Therefore, we decided to divide the cohort in two time periods
and repeat the analysis to test the effect of RT for MBC

in the 2 different periods (Group 1: from 1998 to 2005
and Group 2: from 2006 to 2015). Interestingly, for both
groups we obtained a better OS and BCSS if radiotherapy was performed (similar to the results on the whole
cohort) (Additional file 4: Figure S2 A–D). Despite the
changes in the chemotherapy regimen, the addition of
radiotherapy to MBC is still beneficial. There was in fact
a better OS for the 2006–2015 cohort (P < 0.0001; Additional file 4: Figure S2C) than the 1998–2005 cohort
(P = 0.013, Additional file 4: Figure S2A) and the BCSS
was minimally improved in the 2006–2015 cohort (1998–
2005 Cohort: P = 0.0024; 2006–2015 Cohort: P = 0.0019;
Additional file 2: Table S2 B and D). This could be due in
part because of the taxanes, which are known to increase
the radio-sensitivity of cancer cells in vitro [30].
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Fig. 2 OS and BCSS of MBC patients displayed as Kaplan–Meier curve stratified according to RT. a OS curves of RT cohort versus no RT cohort
before PSM. b BCSS curves of RT cohort versus No RT cohort before PSM. c OS curves of RT cohort versus no RT cohort after PSM. d BCSS curves of
RT cohort versus No RT cohort after PSM

Survival analysis in propensity score‑matched cohort

In the matched cohort, univariate analysis revealed similar prognostic factors for OS and BCSS to the results of
unmatched cohort: age, PR status, marital status, larger
tumor size, higher N stage and, axillary lymph node
dissection (ALND). Only age did not result a prognostic factor for BCSS. Survival curves according to the
RT are shown in Fig. 2c, d. Multivariate analysis also
showed that patients receiving RT survived significantly
longer than those without RT (5-year OS, 74.2% vs 61.5%
p < 0.001; BCSS, 71.4% vs 64.9% p < 0.001). Additionally,
age, marital status, larger tumor size, and higher N stage
were maintained as prognostic factors for OS and BCSS.
Results of survival analysis in the propensity-matched
cohort are summarized in Table 3.
Exploratory subgroup analysis assessing the benefit of RT
according to the clinical characteristics

To detect precise subgroups of patients that could benefit from RT, PSM was performed for each subgroup
including age, tumor size, N stage, breast operation,
and ALND as covariates. A significantly increased OS

was observed when RT was given to older patients
(≥ 60 years old) (HR 0.614, P = 0.001) and those with
larger tumor size (HR 0.593, P = 0.01) (Fig. 3a, b). In
the subgroup of N0 stage, RT was also associated with
an improvement of OS (Fig. 3c). After PSM, RT maintained the significant survival advantage in the N0
stage subgroup (Fig. 3d). MBC patients who received
RT also had better survival in N1 stage subgroup
(Fig. 3e). RT could reduce the risk of death by 58.0%
for patients with N1 stage, while for patients with N0
stage the reduction was only 30.6%. Patients receiving
breast-conserving surgery and RT demonstrated 43.7%
decrease in death from any cause when compared with
patients receiving mastectomy and RT, these last showing a reduction of only 25.7%. Patients who underwent
SLNB and ALND had similar benefit from RT (42.9% vs
31.9.0% reduction of deaths, respectively) (Additional
file 5: Figure S3).

Discussion
To our knowledge, this is the first population-based study
using PSM analysis to assess the role of RT in treating
MBC. In this study, significant improvements in survival
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Table 3 Univariate and multivariate analyses of OS and BCSS for the MBC variables included in the study after PSM
Characteristics

Univariate

Multivariate

OS
HR (95% CI)

BCSS
P-value

HR (95% CI)

OS
P-value

HR (95% CI)

BCSS
P-value

HR (95% CI)

< 0.001

1.23 (0.94–1.62)

P-value

Age at diagnosis (< 60 as ref.)
≥ 60

1.49 (1.20–1.85)

< 0.001

1 (0.78–1.289)

0.987

1.6 (1.26–2.05)

0.138

Race (white as ref.)
Black

1.18 (0.89–1.60)

0.243

1.22 (0.89–1.68)

0.22

1.03 (0.77–1.39)

0.842

0.95 (0.68–1.32)

0.755

Others

0.96 (0.61–1.49)

0.842

1.07 (0.66–1.73)

0.798

1.09 (0.69–1.71)

0.723

1.06 (0.65–1.74)

0.813

0.68 (0.50–0.91)

0.01

0.68 (0.49–0.95)

Marital status (single as ref.)
Married

0.7 (0.53–0.94)

< 0.05

0.62 (0.46–0.84)

< 0.01

< 0.05

Grade (G1 as ref.)
G2

0.98 (0.48–2.01)

0.958

0.8 (0.33–1.93)

0.617

0.96 (0.47–1.98)

0.918

0.8 (0.33–1.94)

0.62

G3

1.58 (0.84–2.97)

0.155

1.8 (0.85–3.82)

0.127

1.23 (0.65–2.32)

0.529

1.26 (0.59–2.68)

0.557

G4

1.34 (0.64–2.80)

0.439

1.58 (0.67–3.77)

0.299

1.34 (0.64–2.81)

0.443

1.44 (0.60–3.44)

0.411

0.239

0.84 (0.59–1.21)

0.353

0.83 (0.57–1.21)

0.331

0.76 (0.50–1.15)

0.19

< 0.05

0.77 (0.51–1.15)

0.204

0.67 (0.43–1.04)

0.074

0.89 (0.56–1.42)

0.627

< 0.001

4.41 (3.44–5.66)

< 0.001

2.99 (2.31–3.86)

< 0.001

3.18 (2.39–4.24)

< 0.001

ER status (negative as ref.)
Positive

0.82 (0.60–1.14)

PR status (negative as ref.)
Positive

0.63 (0.43–0.93)

Stage T (≤ 5 cm as ref.)
> 5 cm

3.84 (3.08–4.78)

Stage N (N0 as ref.)
N1

1.56 (1.20–2.05)

0.001

2.02 (1.51–2.71)

< 0.001

1.21 (0.91–1.61)

N2

2.91 (2.02–4.20)

< 0.001

3.29 (2.19–4.95)

< 0.001

1.84 (1.24–2.72)

0.191

N3

3.27 (2.14–5.00)

< 0.001

4.04 (2.55–6.40)

< 0.001

2.2 (1.39–3.48)

< 0.001

3.18 (2.38–4.25)

< 0.001

1.46 (1.08–1.98)

< 0.05

1.52 (1.06–2.18)

0.12

1.35 (1.02–1.80)

< 0.05

0.75 (0.58–1.00)

< 0.05

1.08 (0.79–1.48)

0.617

< 0.001

0.65 (0.51–0.84)

< 0.001

0.64 (0.51–0.80)

< 0.001

0.64 (0.50–0.83)

0.001

< 0.001

2.22 (1.68–2.92)

< 0.001

1.17 (0.89–1.54)

0.254

1.16 (0.85–1.60)

0.347

< 0.01
0.001

1.43 (1.04–1.95)

< 0.05

1.82 (1.17–2.82)

< 0.01

2.41 (1.46–3.98)

0.001

Breast operation (lumpectomy as ref.)
Mastectomy

2.6 (2.04–3.31)

< 0.05

Chemotherapy (not done/unknown as ref.)
Done

0.84 (0.67–1.05)

Radiotherapy (not done as ref.)
Done

0.62 (0.50–0.77)

Axilla LN operation (SLNB as ref.)
ALND

1.89 (1.49–2.39)

SLNB sentinel lymph node biopsy, ALND axillary lymph node dissection
Significant results are in italic

were observed for patients treated with RT, especially
when elderly (≥ 60 years), and with large tumor size. The
beneficial effect on survival observed in the SEER database highlights the importance of RT in the management
of MBC.
As a rare breast cancer subtype, the optimal treatment options for MBC are relatively unknown. The role
of RT in improving survival for locally advanced IDC
and post breast-conserving operations has been established well [8, 31]. However, for MBC the effectiveness of RT is yet to be defined. Although MBC is more
aggressive than IDC, overall the use of RT is lower in
the MBC population compared to IDC (48.3% MBC vs
54.3% IDC, P = 0.0001) [8]: in fact, only 62% of MBC

patients who undergo lumpectomy received RT, while
post-lumpectomy RT is a standard therapy for treating
IDC patients [10]. In our study, 47.9% of MBC received
RT, and the treatment was given to 73.2% of patients who
received a breast-conserving operation. Rakha et al. [32]
reported no association between RT and survival outcomes in patients with MBC, but several other studies
demonstrated that the use of adjuvant RT independently
associates with improved survival [8]. In a study on 1501
MBC patients, RT was found to be associated with better
overall and disease-free survivals [10]. Another cohort
study showed that RT was independently associated
with better survival of MBC patients (HR 0.81, 95% CI
0.78–0.84). Similar results were reported in a case series
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Fig. 3 OS of MBC patients displayed as Kaplan–Meier curves according to RT for different patient subgroups: a age ≥ 60 years and age < 60 years
subgroup with or without RT after PSM. b Tumor size ≤ 5 cm and a > 5 cm subgroup with or without RT after PSM. c N0 subgroup with or without
RT before PSM. d N0 subgroup with or without RT after PSM. e N1 subgroup with or without RT after PSM

study that indicated an improvement in the OS of MBC
patients after RT [3]. In our study, univariate and multivariate results demonstrated that RT was independently
associated with an improvement in OS and BCSS and the
results were independent of the changes that occurred in
chemotherapy regimen over the years. PSM analyses also
confirmed these results.
Currently, RT practices on MBC are comparable with
those on IDC [33]. Nevertheless, there are significant
biological differences between MBC and IDC. Compared to IDC, MBC cells express lower levels of ER,

PR, and HER-2 (a phenotype similar to TNBC) and
express higher levels of Ki-67 and p53 [3, 6]. Molecular
subtyping reveals that MBC tumors frequently display
basal-like phenotypes. However, patients with triplenegative MBC have worse survival than patients with
triple-negative IDC [15]. Moreover, patients with MBC
have larger, higher-grade tumors with less involvement
of the regional lymph nodes than IDC subjects [33, 34].
Additionally, MBC tends to disseminate hematogenously
rather than lymphatic [13].
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Wargot et al. [35] showed that MBC has an incidence
of axillary lymph node metastasis ranging from 6 to 26%,
depending on the subtype of MBC. Our study reported
that only 23.2% of MBC had lymph node involvement.
Since in MBC there is a high potential for metastatic
spread to the lung and brain via blood vessels [36, 37],
circulating tumor cells (CTC) may be playing a role in the
metastatic progression. Some findings showed that the
presence of CTC is an independent predictor of relapse
and death in patients with operable breast cancer [38]
and this could also be the case of MBC. In addition, several mutated genes were identified to correlate with the
prognosis of patients with MBC. The principal immunohistochemical feature of MBC cells is the positive CD44
and the overexpression of the Yes-associated protein,
both of which are stem cells markers [13, 39]. Genomic
profiling has shown a down-regulation of the DNA repair
pathways including BRCA1, PTEN and TOP2A [40, 41].
In some studies, up to 35% of MBC patients had PIK3CA
mutations [42] and a PIK3CA inhibitor has also shown
efficacy in improving outcomes of metastatic MBC [43].
A recent study showed that 46% of MBC expressed
PD-L1 [44], opening up the possibility of trials using
immune checkpoint inhibitors for MBC, as is now being
tested in TNBC trials [45]. Finally, the presence of mesenchymal and sarcomatous elements also may explain
the different biologic behavior and pattern of metastasis.
Therefore, precise guidelines are needed regarding the
administration of adjuvant RT.
Current guidelines recommend adjuvant RT for breast
cancer patients with 4 or more metastatic axillary nodes,
large primary tumor (> 5 cm) or after lumpectomy [46,
47]. MBC is characterized by large tumor size and rapid
growth, hence RT should be considered. In the National
Cancer Data Base (NCDB) study, a higher AJCC stage
was common for MBC patients, despite having more
lymph node-negative tumors. Hence, the tumor stage is
strongly influenced by the tumor size. Compared with
IDC patients, who at diagnosis have usually T1 tumors
(65.2%), only 29.5% of MBC patients are in T1 stage
at presentation [7]. A cohort study showed that RT is
not useful for patients undergoing mastectomy with
tumors < 5 cm or with < 4 metastatic axillary lymph nodes
[10]. We confirmed these findings in our PSM analyses,
after stratifying patients according to tumor size: RT
was associated with improved OS in MBC patients with
larger tumor size (> 5 cm). When stratified by N stage,
we found that patients with both N0 and N1 could benefit from RT. Low likelihood of lymphatic involvement in
MBC may be the cause of this result. However, RT could
reduce the risk of death by 50.3% for patients with N2
stage, whereas for patients with N1 stage the reduction is
only 26.2%. Due to the small sample sizes obtained after
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propensity matching, we did not find any survival benefit
for stage N3 and N4.
Age over/equal 60 years at diagnosis was found to be
a poor survival factor in multivariate analysis. Similar
results have been reported in other population-based
studies including SEER database (HR 2.9 95% CI 2.1–3.9)
[9] and NCDB database (HR 1.018 95% CI 1.009–1.027)
[48]. One of the reasons is that older women patients
may not always get the most optimal treatment. Assuming older women may not handle treatment side effects as
well as younger women, doctors tend to treat breast cancer in older women less aggressively. Therefore, the use of
RT decreases with increasing age at diagnosis [49]. In our
study, elderly (≥ 60 years old) received more rarely RT
(54.5% vs 45.5%) compared to younger patients. Truong
et al. [50] reported that radiation omission was significantly associated with increased relapse rates and poorer
OS and BCSS. The highly aggressive MBC probably is
one of the reasons for this negative outcome. Our subgroup analyses revealed that RT significantly improved
OS in older MBC patients. Furthermore, the use of RT
was shown to be associated with improved survival in
patients, regardless of the surgical procedure performed.
Interestingly, patients receiving breast-conserving surgery, and RT demonstrated a 43.7% decrease in death
from any cause compared with patients receiving mastectomy and RT which showed a reduction of only 25.7%.
Patients who underwent SLNB and ALND benefited similarly from RT (42.9% vs 31.9%).
Besides the large population included and the interesting results obtained for RT, we acknowledge some
limitations to our study. One important limitation is
the absence of information on systemic chemotherapy
and endocrine therapy regimens due to the design of
the SEER database. Missing these important parameters
could lead to potential bias. Despite the large population, 2267 patients, selected for this study, the sample size
was not big enough for more detailed subgroup analyses,
such as age, ethnicity, and stage before PSM. The use of
the PSM method might reduce the bias caused by the
imbalanced distribution of the obtained covariates. In
addition, the SEER database does not provide any data
on some risk factors for breast cancer, such as smoking
and menstrual status, which may contribute to additional
study bias. Regarding RT in the SEER database, there
is no information on the dose or intended target. Thus,
we had no data about the radiation dose time, methods,
intent, side effects, etc. which may all contribute to the
survival. Interestingly, the large time interval of diagnosis
for MBC patients may have been a bias considering that
during this period, changes in chemotherapy regimen
have been documented. For this reason, we divided the
cohort in two time periods (1998–2005 and 2006–2015),
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before and after the addition of taxanes [28, 29]. We
repeated the analysis to test the effect of RT for MBC in
these 2 different sub-cohorts, giving a weight to the introduction of the use of taxanes in 2005. Interestingly, for
both groups we obtained a better OS and BCSS if RT was
performed, independently of the period of diagnosis [12].
Nevertheless, the SEER database usually has high completeness and is representative of the real patient population [22]. The results obtained are therefore robust from
the statistical point of view and even after both multivariate and PSM analyses were performed, the OS and BCSS
did not change appreciably.

Conclusions
Based on our results, the MBC patients receiving RT
resulted having a better BCSS and OS compared to MBC
patients not treated with RT, in particular in presence
of large tumors and elderly patients (≥ 60 years). Additionally, RT was associated with improved outcomes
in patients with N0 stage, hence MBC patients with N0
stage could also benefit from RT. Further prospective
studies with a sufficient sample size are needed to confirm these findings. In addition, although axillary node
dissection is likely to add very little in terms of improved
outcomes in MBC [48], omitting axillary node dissection
could be evaluated in future studies to define the guidelines for MBC.
Supplementary information
Supplementary information accompanies this paper at https://doi.
org/10.1186/s12967-019-2069-y.
Additional file 1: Table S1. The year of diagnosis of patients from SEER
database included in the study (n = 2267).

Additional file 2: Table S2. Clinicopathologic characteristics of all MBC
patients (n = 2267).
Additional file 3: Figure S1. A. Plot of propensity score distribution
before and after PSM; B. Breast operation by RT status before PSM; C.
Breast operation by tumor size before PSM.

Additional file 4: Figure S2. OS and BCSS of MBC patients displayed as
Kaplan–Meier curve stratified according to RT in two subgroups. A. OS
curves of RT cohort versus no RT cohort after PSM diagnosed from 1998
to 2005. B. BCSS curves of RT cohort versus no RT cohort after PSM diagnosed from 1998 to 2005. C. OS curves of RT cohort versus no RT cohort
after PSM diagnosed from 2006 to 2015. D. BCSS curves of RT cohort
versus No RT cohort after PSM diagnosed from 2006 to 2015.
Additional file 5: Figure S3. Hazard ratio and 95% confidence interval
for OS according to receiving RT for different subgroups of patients for
several variables: age, tumor size, N stage, type of breast operation, axillary
LN dissection.
Abbreviations
RT: radiotherapy; MBC: metaplastic breast cancer; SEER: Surveillance, Epidemiology, and End Results; OS: overall survival; BCSS: breast cancer-specific survival; PSM: propensity score matching; IDC: infiltrating ductal carcinoma; TNBC:
triple negative breast cancer; LRR: local-regional recurrence; ER: estrogen
receptor; PR: progesterone receptor; HR: hazard ratio; CI: confidence intervals;

Page 10 of 12

SLNB: sentinel lymph node biopsy; ALND: axillary lymph node dissection; CTC:
circulating tumor cells; NCDB: National Cancer Data Base.
Acknowledgements
Not applicable.
Authors’ contributions
YL: conceptualization, data curation, formal analysis, funding acquisition,
methodology, project administration, writing—original draft. MC: data curation, formal analysis, and reviewing and editing the manuscript. BP: formal
analysis, and reviewing and editing the manuscript. MPD: conceptualization,
formal analysis, methodology, writing—original draft, and reviewing and
editing the manuscript. AL: supervision, reviewing and editing the manuscript.
GAC: supervision and reviewing and editing the manuscript. All authors read
and approved the final manuscript.
Funding
Dr. Calin is the Felix L. Haas Endowed Professor in Basic Science and work in
his laboratory is supported by National Institutes of Health (NIH/NCATS) Grant
UH3TR00943-01 through the NIH Common Fund, Office of Strategic Coordination (OSC), the NCI Grants 1R01 CA182905-01 and 1R01CA222007-01A1, an
NIGMS 1R01GM122775-01 Grant, a U54 Grant—UPR/MDACC Partnership for
Excellence in Cancer Research 2016 Pilot Project, a Team DOD (CA160445P1)
grant, a Ladies Leukemia League Grant, a CLL Moonshot Flagship project, a
SINF 2017 Grant, and the Estate of C. G. Johnson, Dr. Dragomir was supported
by a POC Grant nr.35/01.09.2016, Dr. Li was supported by the Natural Science
Foundation of Zhejiang Province (No. LQ17H160013). Zhejiang Province
Health Department Foundation 2018ky284, the National Natural Science
Foundation of China (No. 81601899). Dr. Pardini was supported by a Fulbright
Research Scholarship (year 2018).
Availability of data and materials
The datasets analyzed during this current study are available in SEER database
to extract the eligible cases. The data are also available from the corresponding author on reasonable request.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Breast Surgery, Institute of Cancer and Basic Medicine (ICBM),
Chinese Academy of Science; Cancer Hospital of the University of Chinese
Academy of Sciences; Zhejiang Cancer Hospital, Hangzhou 310022, Zhejiang,
People’s Republic of China. 2 Department of Experimental Therapeutics, The
University of Texas MD Anderson Cancer Center, South Campus Research
Building 4, 1901 East Road, Houston, TX 77054, USA. 3 Italian Institute
for Genomic Medicine, Turin, Italy. 4 Department of Surgery, Fundeni Clinical
Hospital, 22328 Bucharest, Romania. 5 The Research Center for Functional
Genomics, Biomedicine and Translational Medicine, Iuliu Hatieganu University
of Medicine and Pharmacy, 400012 Cluj Napoca, Romania. 6 Department
of Breast Surgical Oncology, The University of Texas MD Anderson Cancer
Center, 1400 Pressler St, Unit 1484, Houston, TX 77030, USA. 7 Center for RNA
Interference and Non‑coding RNAs, The University of Texas MD Anderson
Cancer Center, Houston, TX 77054, USA.
Received: 20 June 2019 Accepted: 17 September 2019

References
1. Toumi Z, Bullen C, Tang AC, Dalal N, Ellenbogen S. Metaplastic breast
carcinoma: a case report and systematic review of the literature. Pathol
Int. 2011;61(10):582–8.

Li et al. J Transl Med

2.
3.
4.
5.

6.
7.
8.
9.

10.
11.
12.

13.
14.
15.
16.
17.
18.

19.

20.
21.
22.

23.
24.

(2019) 17:318

Gibson GR, Qian D, Ku JK, Lai LL. Metaplastic breast cancer: clinical features and outcomes. Am Surg. 2005;71(9):725–30.
Beatty JD, Atwood M, Tickman R, Reiner M. Metaplastic breast cancer:
clinical significance. Am J Surg. 2006;191(5):657–64.
Fritz AG. International classification of diseases for oncology: ICD-O. 3rd
ed. Geneva: World Health Organization; 2000. vii, 240 pp.
Reis-Filho JS LS GH, Sneige N. Metaplastic carcinoma. In: Lakhani, SR EI SS,
tan PH, van de Vijver MJ, editors. World Health, Organization classification
of tumours of the breast. Lyon: International Agency for Research on
Cancer, p. 48–52.
Barnes PJ, Boutilier R, Chiasson D, Rayson D. Metaplastic breast carcinoma:
clinical-pathologic characteristics and HER2/neu expression. Breast
Cancer Res Treat. 2005;91(2):173–8.
Pezzi CM, Patel-Parekh L, Cole K, Franko J, Klimberg VS, Bland K. Characteristics and treatment of metaplastic breast cancer: analysis of 892 cases
from the National Cancer Data Base. Ann Surg Oncol. 2007;14(1):166–73.
Nelson RA, Guye ML, Luu T, Lai LL. Survival outcomes of metaplastic
breast cancer patients: results from a US population-based analysis. Ann
Surg Oncol. 2015;22(1):24–31.
Paul Wright G, Davis AT, Koehler TJ, Melnik MK, Chung MH. Hormone
receptor status does not affect prognosis in metaplastic breast cancer:
a population-based analysis with comparison to infiltrating ductal and
lobular carcinomas. Ann Surg Oncol. 2014;21(11):3497–503.
Tseng WH, Martinez SR. Metaplastic breast cancer: to radiate or not to
radiate? Ann Surg Oncol. 2011;18(1):94–103.
Gradishar WJ, Anderson BO, Balassanian R, Blair SL, Burstein HJ, Cyr A, et al.
Breast cancer, version 4.2017, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw. 2018;16(3):310–20.
Schroeder MC, Rastogi P, Geyer CE Jr, Miller LD, Thomas A. Early and
locally advanced metaplastic breast cancer: presentation and survival
by receptor status in surveillance, epidemiology, and end results (SEER)
2010–2014. Oncologist. 2018;23(4):481–8.
McKinnon E, Xiao P. Metaplastic carcinoma of the breast. Arch Pathol Lab
Med. 2015;139(6):819–22.
Cimino-Mathews A, Verma S, Figueroa-Magalhaes MC, Jeter SC, Zhang Z,
Argani P, et al. A clinicopathologic analysis of 45 patients with metaplastic
breast carcinoma. Am J Clin Pathol. 2016;145(3):365–72.
Jung SY, Kim HY, Nam BH, Min SY, Lee SJ, Park C, et al. Worse prognosis of
metaplastic breast cancer patients than other patients with triple-negative breast cancer. Breast Cancer Res Treat. 2010;120(3):627–37.
Bae SY, Lee SK, Koo MY, Hur SM, Choi MY, Cho DH, et al. The prognoses of
metaplastic breast cancer patients compared to those of triple-negative
breast cancer patients. Breast Cancer Res Treat. 2011;126(2):471–8.
Rayson D, Adjei AA, Suman VJ, Wold LE, Ingle JN. Metaplastic breast
cancer: prognosis and response to systemic therapy. Ann Oncol.
1999;10(4):413–9.
Moulder S, Moroney J, Helgason T, Wheler J, Booser D, Albarracin C, et al.
Responses to liposomal Doxorubicin, bevacizumab, and temsirolimus in
metaplastic carcinoma of the breast: biologic rationale and implications
for stem-cell research in breast cancer. J Clin Oncol. 2011;29(19):e572–5.
Nagao T, Kinoshita T, Hojo T, Tsuda H, Tamura K, Fujiwara Y. The differences
in the histological types of breast cancer and the response to neoadjuvant chemotherapy: the relationship between the outcome and the
clinicopathological characteristics. Breast. 2012;21(3):289–95.
Tzanninis IG, Kotteas EA, Ntanasis-Stathopoulos I, Kontogianni P, Fotopoulos G. Management and outcomes in metaplastic breast cancer. Clin
Breast Cancer. 2016;16(6):437–43.
Leyrer CM, Berriochoa CA, Agrawal S, Donaldson A, Calhoun BC, Shah C,
et al. Predictive factors on outcomes in metaplastic breast cancer. Breast
Cancer Res Treat. 2017;165(3):499–504.
Surveillance E, and End Results (SEER) Program (http://www.seer.cance
r.gov) Research Data (1973–2015), National Cancer Institute, DCCPS, Surveillance Research Program, released April 2018, based on the November
2017 submission.
Little RJ, Rubin DB. Causal effects in clinical and epidemiological studies
via potential outcomes: concepts and analytical approaches. Annu Rev
Public Health. 2000;21:121–45.
Sagara Y, Freedman RA, Vaz-Luis I, Mallory MA, Wong SM, Aydogan F,
et al. Patient prognostic score and associations with survival improvement offered by radiotherapy after breast-conserving surgery for ductal

Page 11 of 12

25.

26.

27.
28.

29.
30.
31.
32.
33.
34.

35.
36.
37.

38.
39.
40.
41.
42.
43.
44.

45.
46.

carcinoma in situ: a population-based longitudinal cohort study. J Clin
Oncol. 2016;34(11):1190–6.
Overgaard M, Hansen PS, Overgaard J, Rose C, Andersson M, Bach F, et al.
Postoperative radiotherapy in high-risk premenopausal women with
breast cancer who receive adjuvant chemotherapy. Danish Breast Cancer
Cooperative Group 82b Trial. N Engl J Med. 1997;337(14):949–55.
Overgaard M, Jensen MB, Overgaard J, Hansen PS, Rose C, Andersson M,
et al. Postoperative radiotherapy in high-risk postmenopausal breast-cancer patients given adjuvant tamoxifen: Danish Breast Cancer Cooperative
Group DBCG 82c randomised trial. Lancet. 1999;353(9165):1641–8.
Ragaz J, Jackson SM, Le N, Plenderleith IH, Spinelli JJ, Basco VE, et al. Adjuvant radiotherapy and chemotherapy in node-positive premenopausal
women with breast cancer. N Engl J Med. 1997;337(14):956–62.
Mamounas EP, Bryant J, Lembersky B, Fehrenbacher L, Sedlacek SM, Fisher
B, et al. Paclitaxel after doxorubicin plus cyclophosphamide as adjuvant
chemotherapy for node-positive breast cancer: results from NSABP B-28.
J Clin Oncol. 2005;23(16):3686–96.
Martin M, Pienkowski T, Mackey J, Pawlicki M, Guastalla JP, Weaver C,
et al. Adjuvant docetaxel for node-positive breast cancer. N Engl J Med.
2005;352(22):2302–13.
Choy H. Combining taxanes with radiation for solid tumors. Int J Cancer.
2000;90(3):113–27.
Hu Q, Chen WX, Zhong SL, Li J, Luo Z, Tang JH, et al. Current progress in
the treatment of metaplastic breast carcinoma. Asian Pac J Cancer Prev.
2013;14(11):6221–5.
Rakha EA, Tan PH, Varga Z, Tse GM, Shaaban AM, Climent F, et al. Prognostic factors in metaplastic carcinoma of the breast: a multi-institutional
study. Br J Cancer. 2015;112(2):283–9.
Shah DR, Tseng WH, Martinez SR. Treatment options for metaplastic
breast cancer. ISRN Oncol. 2012;2012:706162.
Lai HW, Tseng LM, Chang TW, Kuo YL, Hsieh CM, Chen ST, et al. The prognostic significance of metaplastic carcinoma of the breast (MCB)–a case
controlled comparison study with infiltrating ductal carcinoma. Breast.
2013;22(5):968–73.
Wargotz ES, Norris HJ. Metaplastic carcinomas of the breast. I. Matrixproducing carcinoma. Hum Pathol. 1989;20(7):628–35.
Zhang Y, Lv F, Yang Y, Qian X, Lang R, Fan Y, et al. Clinicopathological
features and prognosis of metaplastic breast carcinoma: experience of a
major chinese cancer center. PLoS ONE. 2015;10(6):e0131409.
Yu JI, Choi DH, Huh SJ, Ahn SJ, Lee JS, Shin KH, et al. Unique characteristics and failure patterns of metaplastic breast cancer in contrast to
invasive ductal carcinoma: a retrospective multicenter case-control study
(KROG 13-07). Clin Breast Cancer. 2015;15(2):e105–15.
Lucci A, Hall CS, Lodhi AK, Bhattacharyya A, Anderson AE, Xiao L, et al.
Circulating tumour cells in non-metastatic breast cancer: a prospective
study. Lancet Oncol. 2012;13(7):688–95.
Min Kim H, Kim SK, Jung WH, Koo JS. Metaplastic carcinoma show different expression pattern of YAP compared to triple-negative breast cancer.
Tumour Biol. 2015;36(2):1207–12.
Weigelt B, Kreike B, Reis-Filho JS. Metaplastic breast carcinomas are basallike breast cancers: a genomic profiling analysis. Breast Cancer Res Treat.
2009;117(2):273–80.
Rouzier R, Perou CM, Symmans WF, Ibrahim N, Cristofanilli M, Anderson K,
et al. Breast cancer molecular subtypes respond differently to preoperative chemotherapy. Clin Cancer Res. 2005;11(16):5678–85.
Tray N, Taff J, Singh B, Suh J, Ngo N, Kwa M, et al. Metaplastic breast
cancers: genomic profiling, mutational burden and tumor-infiltrating
lymphocytes. Breast. 2018;44:29–32.
Yang MH, Chen IC, Lu YS. PI3K inhibitor provides durable response in
metastatic metaplastic carcinoma of the breast: a hidden gem in the
BELLE-4 study. J Formos Med Assoc. 2018;118:1333–8.
Joneja U, Vranic S, Swensen J, Feldman R, Chen W, Kimbrough J, et al.
Comprehensive profiling of metaplastic breast carcinomas reveals
frequent overexpression of programmed death-ligand 1. J Clin Pathol.
2017;70(3):255–9.
Romero D. Benefit in patients with PD-L1-positive TNBC. Nat Rev Clin
Oncol. 2019;16(1):6.
Gupta S, King WD, Korzeniowski M, Wallace DL, Mackillop WJ. The effect
of waiting times for postoperative radiotherapy on outcomes for women
receiving partial mastectomy for breast cancer: a systematic review and
meta-analysis. Clin Oncol (R Coll Radiol). 2016;28(12):739–49.

Li et al. J Transl Med

(2019) 17:318

47. Danish Breast Cancer Cooperative G, Nielsen HM, Overgaard M, Grau C,
Jensen AR, Overgaard J. Study of failure pattern among high-risk breast
cancer patients with or without postmastectomy radiotherapy in addition to adjuvant systemic therapy: long-term results from the Danish
Breast Cancer Cooperative Group DBCG 82 b and c randomized studies. J
Clin Oncol. 2006;24(15):2268–75.
48. Ong CT, Campbell BM, Thomas SM, Greenup RA, Plichta JK, Rosenberger
LH, et al. Metaplastic breast cancer treatment and outcomes in 2500
patients: a retrospective analysis of a national oncology database. Ann
Surg Oncol. 2018;25(8):2249–60.
49. VanderWalde A, Hurria A. Early breast cancer in the older woman. Clin
Geriatr Med. 2012;28(1):73–91.

Page 12 of 12

50. Truong PT, Bernstein V, Lesperance M, Speers CH, Olivotto IA. Radiotherapy omission after breast-conserving surgery is associated with reduced
breast cancer-specific survival in elderly women with breast cancer. Am J
Surg. 2006;191(6):749–55.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

