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Background: For clinical workers, disease-specific death is a better indicator of tumor severity. Breast 
cancer is the most prevalent malignancy in women. Luminol type B breast cancer is one of the biggest threats 
to women's health, and few studies have paid attention to its specific death. Early recognition of luminol type 
B breast cancer allows clinicians to assess the prognosis and develop more optimal treatment plans.
Methods:  In this study, the basic information of luminal B population, clinical and pathological 
characteristics, treatment regimen and survival data were collected from the SEER database. The patients 
were randomly divided into a training group and a validation group. The single-factor and multi-factor 
competitive risk models were used to analyze the independent influencing factors of tumor-specific death, 
and the predictive nomogram based on the competitive risk model was constructed. The consistency index 
(C-index) and calibration curves over time were used to evaluate the accuracy of the predicted nomograms.
Results: This study included a total of 30,419 luminal B patient. The median follow-up period was 60 
(IQR: 44–81) months. Among the 4,705 deaths during the follow-up period, 2,863 patients died specifically, 
accounting for 60.85% of the deaths. The independent predictive factors of cancer-specific mortality were: 
married, primary site, grade, stage, the primary site of operation, radiotherapy, chemotherapy, metastasis 
(lymph node, bone, brain, liver, lung), and Estrogen Receptor and Progesterone Receptor status. In the 
training cohort, the C-index of the predictive nomogram was 0.858, and the area under the receiver 
operating characteristic curve (AUC) for the first, third, and fifth years was 0.891, 0.864, and 0.845. The 
C-index of the validation cohort was 0.862, and the AUC for the first, third, and fifth years was 0.888, 0.872, 
and 0.849. The calibration curves of the training and validation cohorts showed that the predicted probability 
of the model was very consistent with the actual probability. And the 5-year survival rate according to the 
traditional survival analysis was 9.49%, while the 5-year specific mortality rate was only 8.88%.
Conclusions: The luminal B competing risk model we established has ideal accuracy and calibration. 
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Introduction

Breast cancer is the most common malignant tumor in 
women. According to the American Cancer Society, 290,560 
new cases occurred in 2022, accounting for 30% of diagnosed 
female cancer cases, and the numbers are growing at an 
annual rate of about 0.5% (1). According to its molecular 
classification, breast cancer is divided into luminal A, luminal 
B, human epidermal growth factor receptor 2 (HER2)+, and 
triple-negative breast cancer (TNBC). Among these, luminal 
B type accounts for about 15% of breast cancer (2). Luminal 
B type is characterized by the increased expression of HER2, 
which is considered highly invasive. Five years after the 
diagnosis is considered the peak period of recurrence. At the 
same time, Luminal B typle is extremely prone to distant 
metastasis, such as bone metastasis (3). Compared with other 
subtypes, chromosome aberration and high levels of DNA 
amplification are more common in luminal B type, and the 
level of recurrent genome copy number abnormalities is 
quite high, which is related to the poor efficacy of clinical 
treatments (4). Therefore, the treatment and prevention 
strategies for luminal B breast cancer have attracted extensive 
attention. With the development of medical technology, 
targeted therapy and endocrine therapy have become one of 
the greatest advances in treatment of breast cancer. These 
treatments have been thought to significantly improve the 
prognosis of early stage, particularly in patient with luminal 
B type breast cancer (3). The use of aromatase inhibitors and 

tamoxifen can reduce the risk of disease recurrence and death 
by about 30% (5,6). However, the expression of hormone 
receptors in each patient is different, meaning that some 
patients cannot benefit from systemic therapy (7-9). The 
benefits of the treatments vary because of a lack of clarity 
about adverse risk factors. Therefore, for clinical treatment 
plans and follow-ups, predicting the prognostic factors of 
luminal B breast cancer patients and establishing a reasonable 
predictive model are of great significance.

For the survival status of tumor patients, specific death 
may have more clinical significance than all-cause death 
because, in all-cause deaths, many other causes of death 
are unpredictable, such as accidents, other diseases, and 
emergencies. This part of the population may reduce the 
accuracy of the predictive model for all-cause mortality. 
Therefore, when it comes to cancer patients, specific death 
is crucial for clinical decision-making. Recently, some 
researchers have also explored Luminal B breast cancer 
mortality and related risk factors (10-13). Patient age, tumor 
size, tumor stage, and lymph node status were the major 
prognostic factors for breast cancer (12). Besides, a study 
has shown that the proteolytic activity of proteasome is one 
of the factors affecting the prognosis of Luminal B breast 
cancer, because researchers have found the chymotrypsin-
like activity and the caspase-like activity coefficients of 
proteasome are related to the 5-year metastasis-free survival 
rate in patients with Luminal B HER-2 negative breast 
cancer (14). However, these studies are based on traditional 
survival analysis, the number of cases is relatively small, the 
clinical characteristics are limited, and deaths from other 
causes must be excluded to some extent, which will cause 
deviation of prediction results.

SEER database covers a wealth of tumor diseases, and 
regularly includes clinical retrospective data such as basic 
information of the patient's population, clinical pathological 
data, survival state and cause of death. With a large 
sample size of cases, it has strong statistical efficiency (15).  
Nomograms integrate different prognostic variables to 
generate an accurate result (16,17). Balachandran et al. 
believed that one of the advantages of nomogramas was the 
ability to predict personalized risks according to the disease 
conditions of different cancer patients, and promoting 
the development of personalized clinical treatments (16). 
Therefore, our research aims to explore the independent 
risk factors of the death of breast cancer patients and 
develop a predictive nomogram based on the Surveillance, 
Epidemiology, and End Results (SEER) Program database. 
The results of this study can be used as a tool to evaluate 

Highlight box

Key findings 
• We constructed a predictive nomogram of the competitive risk 

model. The nomogram has ideal accuracy and calibration for the 
specific death of patients with luminal B breast cancer.

What is known and what is new?  
• There is a prediction model for all-cause death of breast cancer 

patients, and the overall prediction C statistic is between 0.70 
and 0.72.

• A predictive nomogram of luminal B breast cancer was constructed 
for the first time, and Estrogen Receptor and Progesterone 
Receptor status of patients were included in the analysis.

What is the implication, and what should change now? 
• This study indicated that attention should be paid to different 

Estrogen Receptor and Progesterone Receptor status and to the 
selection of treatment protocols. The predictive model can provide 
clinicians with the ability to assess the prognosis and formulate 
more optimal treatment options.
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specific death. We present the following article in 
accordance with the TRIPOD reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-23-
484/rc).

Methods

Data source and data extraction

In this study, we collected patients who were histologically 
confirmed as luminal B breast cancer patients between 
2010 and 2015 from SEER, a database established by 
the National Cancer Institute of the United States. The 
SEER database collects corresponding demographic 
information, clinical pathological information, and follow-
up information from 18 registries in the United States, 
covering about 25% of the United States population. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

From the database ,  we col lected demographic 
characteristics (race, age, sex, marital status, age of 
diagnosis), clinical case characteristics (tumor size, laterality, 
estrogen receptor (ER) status, progesterone receptor (PR) 
status, histologic tumor grade, TNM stages, lymph node 
status, metastasis), treatment characteristics (surgery, 
radiotherapy, chemotherapy), and survival data of all 
luminal B breast cancer patients. Patients were included if 
they had a pathological diagnosis of luminal B breast cancer 
(ICD-O-3 breast cancer) and the following statuses: Her 
(+), ER (−/+), and PR (−/+). The exclusion criteria were: (I) 
patients with missing or incomplete data from SEER; (II) 
patients aged less than 18 years old; and (III) patients with a 
survival time of less than 1 month.

Construction and validation of the competing risk model

Compared with the traditional risk model, the competing 
risk model can more accurately evaluate the cumulative 
incidence of multiple results (18). Therefore, we adopted 
the competing risk model for our evaluation. We used the 
primary variables “COD to site rec KM” and “SeerCause-
Specific Death Class” in the database to determine the 
patient’s cause of death, and defined deaths from other 
causes [other cause mortality (OCM)] as competing events. 
We defined cases where the patients were still alive at the 
end of follow-up as right-censored events. The deaths 
attributed to breast cancer [cancer-specific mortality (CSM)] 
were labeled as interest events or specific events. Follow-
up time was based on the start of patient discharge. Patients 

who died in hospital were excluded from our study. After 
data cleansing, all patients were randomized into a training 
cohort (70%) or a validation cohort (30%). In the single-
factor competitive risk model, the variable P<0.05 was 
included in the multi-factor competitive risk model, and 
the variable P<0.05 was screened as an independent factor. 
Based on these independent predictors, a nomogram of 
specific death was constructed. At the same time, we used 
the overall C-statistics and the area under the receiver 
operating characteristic (ROC) curve (AUC) at different 
time points to evaluate the sensitivity of the nomogram. We 
used the calibration curve to evaluate the calibration of the 
predictive nomogram.

Statistical analysis

Continuous data are expressed in the form of mean ± 
standard deviation, and the differences between the  
2 groups were compared using a one-way Analysis of 
Variance (ANOVA). The categorical data are expressed as 
n (%), and the differences between groups are compared 
using the chi-squared test.

We adopted a ratio of 7:3 to divide the included cases 
into the training and validation cohorts according to the 
random sampling method. In the training cohort, the 
influencing factors of luminal B breast cancer–specific 
death were analyzed using single-factor and multi-factor 
competing risk models, and a predictive nomogram based 
on the competing risk model was constructed. In the 
training and validation cohorts, the accuracy and calibration 
of the predictive nomogram were verified using the 
concordance index (c-index) and the area under the ROC 
curve at different time points. It was generally believed that 
C-index =0.5 indicated that the model was in a completely 
random classification, and C-index >0.7 indicated that the 
model had the ideal accuracy. In addition, we also compared 
the cumulative specific mortality of the traditional survival 
analysis and the Fine-Gary method at different time points.

The whole modeling process was completed in R 
language, and all analyses and statistics were conducted in 
SPSS 23.0 (IBM Corp., Armonk, NY, USA). A P value of 
less than 0.05 was considered statistically significant.

Results

Clinical characteristics

According to the inclusion and exclusion criteria, 
30,419 luminal B breast cancer cases were included in 

https://tcr.amegroups.com/article/view/10.21037/tcr-23-484/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-484/rc
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the analysis. After random sampling, the patients were 
assigned to the training cohort (n=21,293) or the validation 
cohort (n=9,126). The average age of the patients was  
57.91±13.64 years in the training cohort and 58.23±13.73 years 
in the validation cohort. The follow-up time for the 
training and validation cohorts was 61.38±24.561 and 
61.31±25.123, respectively. The number of specific deaths 

was 1,996 (9.37%) in the training cohort and 867 (9.5%) 
in the validation cohort. The specific distribution of other 
indicators is shown in Table 1.

Analysis of the influencing factors

All variables were screened by single-factor analysis. The 

Table 1 Basic characteristics of cases included in this study

Factors Train (n=21,293) Test (n=9,126) All (n=30,419) Statistics (P value)

Age, years 57.91±13.64 58.23±13.73 58.01±13.67 −2.079 (0.038)

Marriage 5.47 (0.065)

Married 12,629 (59.31) 5,283 (57.89) 17,912 (58.88)

Single 3,654 (17.16) 1,607 (17.61) 5,261 (17.3)

Other 5,010 (23.53) 2,236 (24.5) 7,246 (23.82)

Race 0.295 (0.587)

White 16,529 (77.63) 7,110 (77.91) 23,639 (77.71)

Other 4,764 (22.37) 2,016 (22.09) 6,780 (22.29)

Laterality 0.878 (0.349)

Right 10,839 (50.9) 4,699 (51.49) 15,538 (51.08)

Left 10,454 (49.1) 4,427 (48.51) 14,881 (48.92)

Primary site 10.78 (0.013)

C50.4 8,784 (41.25) 3,723 (40.8) 12,507 (41.12)

C50.2 3,589 (16.86) 1,532 (16.79) 5,121 (16.83)

C50.8 4,802 (22.55) 2,201 (24.12) 7,003 (23.02)

Other 4,118 (19.34) 1,670 (18.3) 5,788 (19.03)

Pathological behavior 0.376 (0.54)

Behav1 19,059 (89.51) 8,147 (89.27) 27,206 (89.44)

Other 2,234 (10.49) 979 (10.73) 3,213 (10.56)

Grade 3.13 (0.209)

I 1,410 (6.62) 655 (7.18) 2,065 (6.79)

II 8,905 (41.82) 3,787 (41.5) 12,692 (41.72)

III/IV 10,978 (51.56) 4,684 (51.33) 15,662 (51.49)

Stage 1.665 (0.645)

I 8,593 (40.36) 3,745 (41.04) 12,338 (40.56)

II 8,391 (39.41) 3,582 (39.25) 11,973 (39.36)

III 3,122 (14.66) 1,300 (14.25) 4,422 (14.54)

IV 1,187 (5.57) 499 (5.47) 1,686 (5.54)

Table 1 (continued)
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Table 1 (continued)

Factors Train (n=21,293) Test (n=9,126) All (n=30,419) Statistics (P value)

T 2.306 (0.511)

T1 10,620 (49.88) 4,595 (50.35) 15,215 (50.02)

T2 8,004 (37.59) 3,381 (37.05) 11,385 (37.43)

T3 1,615 (7.58) 720 (7.89) 2,335 (7.68)

T4 1,054 (4.95) 430 (4.71) 1,484 (4.88)

N 10.106 (0.018)

N0 12,728 (59.78) 5,582 (61.17) 18,310 (60.19)

N1 6,144 (28.85) 2,546 (27.9) 8,690 (28.57)

N2 1,516 (7.12) 584 (6.4) 2,100 (6.9)

N3 905 (4.25) 414 (4.54) 1,319 (4.34)

M 0.139 (0.709)

M0 20,106 (94.43) 8,627 (94.53) 28,733 (94.46)

M1 1,187 (5.57) 499 (5.47) 1,686 (5.54)

Surgery 3.384 (0.336)

Surg1 1,558 (7.32) 716 (7.85) 2,274 (7.48)

Surg2 9,307 (43.71) 4,000 (43.83) 13,307 (43.75)

Surg3 5,946 (27.92) 2,540 (27.83) 8,486 (27.9)

Surg4 4,482 (21.05) 1,870 (20.49) 6,352 (20.88)

Other surgical 0.57 (0.45)

Yes 20,842 (97.88) 8,945 (98.02) 29,787 (97.92)

None 451 (2.12) 181 (1.98) 632 (2.08)

Radiation 5.109 (0.024)

Yes 11,235 (52.76) 4,944 (54.17) 16,179 (53.19)

None 10,058 (47.24) 4,182 (45.83) 14,240 (46.81)

Chemotherapy 0.002 (0.969)

Yes 15,530 (72.93) 6,658 (72.96) 22,188 (72.94)

None 5,763 (27.07) 2,468 (27.04) 8,231 (27.06)

LNAxillary 6.023 (0.049)

Negative 11,422 (53.64) 5,006 (54.85) 16,428 (54.01)

Positive 7,493 (35.19) 3,078 (33.73) 10,571 (34.75)

No examined 2,378 (11.17) 1,042 (11.42) 3,420 (11.24)

Bone 0 (0.984)

Yes 20,566 (96.59) 8,814 (96.58) 29,380 (96.58)

None 727 (3.41) 312 (3.42) 1,039 (3.42)

Table 1 (continued)
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Table 1 (continued)

Factors Train (n=21,293) Test (n=9,126) All (n=30,419) Statistics (P value)

Brain 4.003 (0.045)

Yes 21,221 (99.66) 9,081 (99.51) 30,302 (99.62)

None 72 (0.34) 45 (0.49) 117 (0.38)

Liver 0.093 (0.761)

Yes 20,898 (98.14) 8,952 (98.09) 29,850 (98.13)

None 395 (1.86) 174 (1.91) 569 (1.87)

Lung 0.005 (0.946)

Yes 20,936 (98.32) 8,972 (98.31) 29,908 (98.32)

None 357 (1.68) 154 (1.69) 511 (1.68)

Size 0.005 (0.997)

<2 cm 9,843 (46.23) 4,216 (46.2) 14,059 (46.22)

2–5 cm 8,864 (41.63) 3,803 (41.67) 12,667 (41.64)

>5 cm 2,586 (12.14) 1,107 (12.13) 3,693 (12.14)

Malignant 0.009 (0.924)

1 16,518 (77.57) 7,084 (77.62) 23,602 (77.59)

>1 4,775 (22.43) 2,042 (22.38) 6,817 (22.41)

Estrongen receptor 0.193 (0.66)

+ 20,724 (97.33) 8,874 (97.24) 29,598 (97.3)

− 569 (2.67) 252 (2.76) 821 (2.7)

Progesterone receptor 2.682 (0.101)

+ 15,620 (73.36) 6,777 (74.26) 22,397 (73.63)

− 5,673 (26.64) 2,349 (25.74) 8,022 (26.37)

Status 3.694 (0.158)

Alive 18,043 (84.74) 7,671 (84.06) 25,714 (84.53)

Specific mortality 1,996 (9.37) 867 (9.5) 2,863 (9.41)

Other mortality 1,254 (5.89) 588 (6.44) 1,842 (6.06)

Follow-up time 61.38±24.561 61.31±25.123 61.36±24.731 0.225 (0.822)

Data are shown as mean ± standard deviation or number (percentage). LNAxillary, lymph node Axillary metastasis status; Behav1, 8500/3: 
infiltrating duct carcinoma, no otherwise specified; 8521/3: infiltrating ductular carcinoma; 8522/3: infiltrating duct and lobular carcinoma; 
8523/3: infiltrating duct mixed with other types of carcinoma. Surg1: no surgery was performed, and the surgery code in SEER is 0; Surg2: 
Local tumor destruction or Partial mastectomy, and the surgery code in SEER is 19-24; Surg3: Subcutaneous Mastectomy or Total (SIMPLE) 
Mastectomy, and the surgery code in SEER is 30–48; Surg4: Other radical surgery, and the surgery code in SEER is 50–90. SEER, 
Surveillance, Epidemiology, and End Results.

results showed a significant difference (P<0.05) in the 
following factors: married, primary site, grade, T stage, N 
stage, surgery, radiotherapy, chemotherapy, LNAxillary, 
metastatic status, size, malignant, ER, and PR. These factors 

may be the influencing factors of specific death. Therefore, 
these variables were put into the multi-factor competing 
risk model to analyze and evaluate the independent 
predictors of mortality risk of luminal B breast cancer. The 
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Table 2 Single-factor and multi-factor analysis

Factors
Single-factor analysis Multi-factor analysis

HR (95% CI) Z (P value) HR (95% CI) Z (P value)

Age 1.024 (1.020–1.028) 12.821 (<0.001) 1.016 (1.012–1.02) 7.825 (0)

Marriage

Married Ref NA Ref NA

Single 1.610 (1.433–1.808) 8.015 (<0.001) 1.272 (1.126–1.436) 3.881 (0)

Other 1.951 (1.766–2.155) 13.154 (<0.001) 1.252 (1.118–1.401) 3.905 (0)

Race

White Ref NA

Other 1.095 (0.988–1.214) 1.728 (0.084)

Laterality

Right Ref NA

Left 0.967 (0.886–1.056) −0.740 (0.46)

Primary site

C50.4 Ref NA Ref NA

C50.2 1.038 (0.905–1.189) 0.530 (0.600) 1.203 (1.045–1.386) 2.568 (0.01)

C50.8 1.163 (1.032–1.312) 2.467 (0.014) 1.06 (0.934–1.202) 0.895 (0.37)

Other 1.891 (1.694–2.111) 11.328 (<0.001) 1.232 (1.095–1.385) 3.48 (0.001)

Pathological behavior

Behav1 Ref NA

Other 1.073 (0.933–1.234) 0.992 (0.32)

Grade

I Ref NA Ref NA

II 2.337 (1.755–3.112) 5.810 (<0.001) 1.744 (1.305–2.331) 3.756 (0)

III/IV 3.364 (2.536–4.460) 8.423 (<0.001) 2.172 (1.627–2.899) 5.263 (0)

Stage

I Ref NA Ref NA

II 2.675 (2.304–3.107) 12.900 (<0.001) 1.699 (1.361–2.121) 4.688 (0)

III 7.271 (6.257–8.449) 25.900 (<0.001) 3.18 (2.432–4.158) 8.458 (0)

IV 26.293 (22.606–30.581) 42.413 (<0.001) 4.675 (3.422–6.387) 9.685 (0)

T

T1 Ref NA Ref NA

T2 2.694 (2.404–3.018) 17.070 (<0.001) 1.183 (0.919–1.524) 1.302 (0.19)

T3 5.350 (4.638–6.171) 23.024 (<0.001) 1.22 (0.898–1.656) 1.271 (0.2)

T4 10.337 (8.993–11.881) 32.880 (<0.001) 1.275 (0.967–1.682) 1.721 (0.085)

Table 2 (continued)
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Table 2 (continued)

Factors
Single-factor analysis Multi-factor analysis

HR (95% CI) Z (P value) HR (95% CI) Z (P value)

N

N0 Ref NA Ref NA

N1 2.678 (2.411–2.976) 18.343 (<0.001) 1.158 (0.958–1.399) 1.512 (0.13)

N2 4.488 (3.930–5.131) 21.996 (<0.001) 1.29 (1.02–1.63) 2.126 (0.033)

N3 7.245 (6.287–8.349) 27.368 (<0.001) 1.617 (1.27–2.058) 3.898 (0)

M

M0 Ref NA

M1 10.038 (9.100–11.077) 45.891 (<0.001)

Surgery

Surg1 Ref NA Ref NA

Surg2 0.086 (0.076–0.098) −37.461 (<0.001) 0.508 (0.421–0.613) –7.07 (0)

Surg3 0.125 (0.109–0.142) −30.895 (<0.001) 0.579 (0.485–0.692) –5.999 (0)

Surg4 0.286 (0.255–0.320) −21.458 (<0.001) 0.735 (0.621–0.87) –3.578 (0)

Other surgical 

Yes 1.136 (0.853–1.511) 0.872 (0.38)

None Ref NA

Radiation

Yes 0.633 (0.578–0.693) −9.917 (<0.001) 0.848 (0.761–0.946) –2.967 (0.003)

None Ref NA Ref NA

Chemotherapy

Yes Ref NA Ref NA

None 1.550 (1.414–1.699) 9.357 (<0.001) 2.055 (1.829–2.31) 12.084 (0)

LNAxillary

Negative Ref NA Ref NA

Positive 4.401 (3.916–4.946) 24.856 (<0.001) 1.642 (1.336–2.019) 4.709 (0)

No examined 8.748 (7.682–9.961) 32.712 (<0.001) 2.18 (1.833–2.592) 8.82 (0)

Bone

Yes 10.315 (9.213–11.549) 40.670 (<0.001) 1.618 (1.316–1.991) 4.555 (0)

None Ref NA Ref NA

Brain

Yes 17.583 (13.135–23.537) 19.266 (<0.001) 2.318 (1.596–3.368) 4.413 (0)

None Ref NA Ref NA

Table 2 (continued)
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Table 2 (continued)

Factors
Single-factor analysis Multi-factor analysis

HR (95% CI) Z (P value) HR (95% CI) Z (P value)

Liver

Yes 9.950 (8.571–11.551) 30.181 (<0.001) 1.39 (1.136–1.702) 3.192 (0.001)

None Ref NA Ref NA

Lung

Yes 11.104 (9.495–12.985) 30.145 (<0.001) 1.395 (1.142–1.705) 3.257 (0.001)

None Ref NA Ref NA

Size

<2 cm Ref NA Ref NA

2–5 cm 2.682 (2.394–3.006) 16.982 (<0.001) 1.102 (0.86–1.412) 0.77 (0.44)

>5 cm 6.254 (5.424–7.081) 28.945 (<0.001) 1.203 (0.91–1.59) 1.301 (0.19)

Malignant

1 Ref NA Ref NA

>1 1.267 (1.148–1.398) 4.705 (<0.001) 1.16 (1.041–1.293) 2.678 (0.007)

Estrongen receptor

+ Ref NA Ref NA

− 1.367 (1.075–1.739) 2.554 (0.011) 1.386 (1.08–1.78) 2.563 (0.01)

Progesterone receptor

+ Ref NA Ref NA

− 1.544 (1.409–1.693) 9.264 (<0.001) 1.382 (1.251–1.526) 6.386 (0)

Behav1, 8500/3: infiltrating duct carcinoma, no otherwise specified; 8521/3: infiltrating ductular carcinoma; 8522/3: infiltrating duct and 
lobular carcinoma; 8523/3: infiltrating duct mixed with other types of carcinoma. Surg1: no surgery was performed, and the surgery 
code in SEER is 0; Surg2: Local tumor destruction or Partial mastectomy, and the surgery code in SEER is 19-24; Surg3: Subcutaneous 
Mastectomy or Total (SIMPLE) Mastectomy, and the surgery code in SEER is 30-48; Surg4: Other radical surgery, and the surgery code in 
SEER is 50-90. HR, hazard ratio; CI, confidence interval; NA, not acception; SEER, Surveillance, Epidemiology, and End Results.

results showed that married, primary site, grade, T stage, N 
stage, surgery, radiation, chemotherapy, LNAxillary, bone, 
brain, liver, lung, ER, and PR were independent predictors 
of specific death risk of luminal B breast cancer (Table 2).

Construction and validation of the predictive nomogram

The predictive nomogram based on the competing risk 
model, covering all the above independent predictors, was 
used to determine the risk stratification of specific death of 
luminal B patients (Figure 1). See Supplementary materials 
(Figures S1-S6) for the cumulative mortality rate under 
different levels of each predictor. In the training cohort, the 
overall C statistic of the predictive nomogram was 0.858 (SE: 

0.001016844), and the AUC for predicting specific death 
at 1, 3, and 5 years was 0.891 (95% CI: 0.870–0.912), 0.864 
(95% CI: 0.852–0.875), and 0.845 (95% CI: 0.834–0.856), 
respectively (Figure 2). In the validation cohort, the overall 
C statistic was 0.8620 (SE: 001520709), and the AUC 
of specific death at 1, 3, and 5 years was 0.888 (95% CI: 
0.859–0.917), 0.872 (95% CI: 0.856–0.889), and 0.849 (95% 
CI: 0.833–0.865) respectively, which also showed that the 
model had good discrimination (Figure 3).

In the training and validation cohorts, the calibration 
curves of the model showed that the predicted values of 
the model were consistent with the actual observed values, 
indicating that the model had good accuracy and calibration 
(Figures 2,3).

https://cdn.amegroups.cn/static/public/TCR-23-484-Supplementary.pdf
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Figure 2 ROC curve (A) and calibration curve (B) of the predictive nomogram in the training cohort. ROC, receiver operating 
characteristic; AUC, the area under the receiver operating characteristic curve.
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Figure 1 The predictive nomogram of the competing risk model. ER, estrogen receptor status; PR, progesterone receptor status.
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Figure 3 ROC curve (A) and calibration curve (B) of the predictive nomogram in the validation cohort. ROC, receiver operating 
characteristic; AUC, the area under the receiver operating characteristic curve.

Specific mortality rate estimates

We calculated the cumulative mortality according to the 
traditional survival analysis and the competing risk model 
at the same time points. The results of both calculations 
demonstrated differences at each time point. Moreover, 
compared with the CSM by the competitive risk model, 
the CSM by the traditional survival analysis were high, 
indicating that the predictive nomogram could predict 
luminal B breast cancer more accurately than the traditional 
TNM staging system (Table 3).

Discussion

Compared with other breast cancer subtypes, luminal B 
breast cancer has a poor disease-free survival rate, a high 
early recurrence rate, and is prone to metastasis, leading to 
a worse survival outcome (19). Therefore, efforts should 
be made to improve the early diagnosis rate and develop 

effective treatments to help patients’ prognoses. Using the 
data of 30,419 patients extracted from the SEER database, 
we constructed a competing risk model for specific death of 
luminal B breast cancer, identified 17 independent factors 
that were significantly related to overall survival (OS), and 
developed a nomogram to predict the 1-, 3-, and 5-year 
survival rates. The results showed that the nomogram had 
great accuracy, with a C statistic of 0.858, a high degree of 
calibration, and could provide solid guidance for prognosis 
prediction and disease treatment and management.

There are already many predictive models for the all-
cause death of breast cancer based on the SEER database. 
We found that their overall prediction C statistic was 
between 0.70 and 0.72 (20,21). In addition, we found that, 
when their all-cause mortality models were constructed, 
the SEER predictors did not include some of the basic 
diseases of the patients and some regular indicators at the 
time of hospitalization. Therefore, in tumors with a high 

Table 3 Specific mortality estimated using traditional survival analysis and the competing risk model

Time (year)
Specific mortality calculated using 

traditional survival analysis (%)

Competitive risk model

Specific mortality (%) Other causes of death

1 1.71 1.61 0.93%

2 3.51 3.29 1.92%

3 5.78 5.43 3.02%

4 7.79 7.3 4.14%

5 9.49 8.88 5.23%

6 10.97 10.23 6.52%

7 12.25 11.4 7.78%

8 13.56 12.59 8.99%
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proportion of deaths from other causes, models based 
on the population on which SEER data are based cannot 
guarantee an effective prediction. At the same time, we 
also found a few studies that constructed specific death 
models for breast cancer (20,22), and they excluded patients 
[who died from other causes (such as other diseases and 
emergencies] when constructing their specific death models. 
However, in our research, we found that this part of the 
population accounted for about 20% of the deaths. This 
way of processing causes deviation to the predictors and 
poses certain challenges, especially in clinical applications.

According to our single-factor and multi-factor analyses, 
the factors of marital status, primary site, grade, T stage, 
N stage, surgery method, radiotherapy, chemotherapy, 
LNAxillary, bone metastasis, brain metastasis, liver 
metastasis, lung metastasis, ER,and PR were significantly 
related to the prognosis of luminal B breast cancer. In our 
study, being single or being divorced patients have worse 
prognosis than being married patients. Epidemiology 
findings support our results (23). Ding et al. (24) evaluated 
the prognostic factors of 700 luminal B patients, including 
age, tumor size, TNM stage, and lymph node involvement. 
Similarly, our results also showed that patients with higher 
staging and bigger tumor sizes had a heavier disease burden, 
which was a key factor affecting the prognosis. We also 
found that the primary tumor location related to the specific 
death of luminal B breast cancer and that, when the tumor 
originated from the nipple, the center, and the axillary tail, 
the risks were higher (P<0.05). These findings are consistent 
with the conclusions of recent studies (25,26). Wu et al. 
found that the OS of tumors located in the lower inner 
quadrant of axillary in 5 years and 10 years was significantly 
lower than other groups (such as the upper outer quadrant 
group) (26).

Lymph node metastasis was considered a key factor in 
influencing breast cancer treatment decisions (27). Although 
it is unknown whether luminal B breast cancer is more 
likely than the other molecular subtypes to have lymph 
node metastasis, compared with luminal A breast cancer, 
the association between luminal B tumors and lymph node 
involvement was more statistically significant (P<0.001) (11).  
Our study results showed that patients with axillary lymph 
node metastasis had a higher risk of death than those 
without axillary lymph node metastasis. Therefore, axillary 
lymph node biopsy and imaging evaluation are necessary 
for clinical work. According to reports, Luminal B breast 
cancer is highly aggressive and easily metastasizes to 
distant sites, such as bone (3). Approximately 5 million 

people die each year from metastatic breast cancer because 
of the poor quality of life of breast cancer patients with 
distant metastasis and the poor efficacy of treatment (28). 
We found that patients with bone, liver, lung, and other 
metastases had an increased risk of a poor prognosis. The 
study by Li et al. (29) collected 258 cases of luminal B breast 
cancer patients and found that the proportion of bone 
metastasis and the recurrence risk were higher than that of 
patients in the non-luminal B cancer. These results suggest 
that clinicians could use imaging examinations to monitor 
prognosis and treatment as early as possible.

According to a literature review, mastectomy (MTS) was 
usually used as the primary treatment for breast cancer (30). 
However, with the development of medicine, a recent study 
has shown that the risk of recurrence in MTS was higher 
than that in breast-conserving surgery group, and the 10-year 
specific survival rate (BCSS) of patients who undergo breast-
conserving surgery is also significantly higher than that of the 
MTS group (96.6% vs. 88.3%; P<0.001) (31). After adjusting 
the clinical factors and demographic information, the 
prognosis risk of all types of MTS was still high compared 
with that of the BCT group (32). Our results also found 
that different surgical methods had different outcomes. In 
addition, in actual clinical work, some female patients have a 
strong desire for breast conservation and lactation demand. 
This suggesting that clinical work will need to carefully 
decide on the surgical method through a comprehensive 
evaluation of the patient’s needs and the condition.

Currently, chemotherapy has become the latest 
treatment strategy for luminal B breast cancer (33). The 
results of several retrospective analyses and randomized 
clinical trials also showed that, in luminal B breast cancer, 
neoadjuvant chemotherapy could reduce the long-term  
10 years recurrence rate by an average of 27.6% by killing 
or inhibiting cancer cells and reducing tumor volume (34). 
Our multi-factor analysis showed that patients who received 
chemotherapy had a better prognosis than those who did 
not receive chemotherapy; these patients had longer survival 
periods than those who did not receive chemotherapy. 
The indicates that patients receiving chemotherapy 
benefit from treatment. Therefore, the specific regimen of 
adjuvant chemotherapy and adjuvant chemotherapy can be 
determined as early as possible according to the stages of 
patients.

The prognosis of different ER and PR levels is also 
controversial (35,36). In a randomized trial, patients with 
negative ER and PR were found to have worse prognoses 
after receiving letrozole and tamoxifen (35). However, 
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Dowsett et al. (36) stated in their retrospective analysis that 
the recurrence time of ER+/PgR+ and ER+/PgR− patients 
was prolonged after treatment with anastrozole, but the 
treatment benefit of the ER+/PgR− group was significantly 
greater than that of the ER+/PgR+ group. In our study, 
multi-factor analysis showed that ER+ and PR+ had a 
positive effect on improving the prognosis of patients. This 
finding may be due to the different therapeutic drugs used 
or the differences in clinicopathological features between 
patients, so the effect of ER and PR on CSM of patients 
with luminal B breast cancer needs to be discussed in more 
studies.

Radiotherapy, one of the classic adjuvant therapies, 
provides patients with surgery opportunities or tumor 
cleaning after surgery. Consistent with Li et al’s. study, we 
found that patients with adjuvant radiotherapy had a better 
prognosis than those who did not undergo radiotherapy (37).  
However, the results in 2 randomized trials conflicts 
with our study (38,39). Sjöström et al. found that while 
radiotherapy reduced the recurrence rate of breast cancer 
with triple-negative tumors in the first 10 years, other 
subtypes did not have obvious effects. And in any subtype, 
radiotherapy did not reduce the death from any cause (39). 
The difference may have occurred because no Her-patients 
were included in the population of the Sjöström’s study. 
This conflicting result suggests that further validation 
may be needed by conducting multi-center, large-data 
randomized trials. 

We also compared the traditional survival analysis and 
the competing risk model. The results of the assessment 
of cumulative mortality at different time points showed 
that the proportion of other causes of death increased 
significantly with the increase of time. More importantly, 
the traditional analysis shows that the mortality rates at 1, 
5, and 8 years were 1.71%, 9.49%, and 13.56%, while the 
mortality rates assessed using the competing risk model 
was lower, with the results of 1.61%, 8.88%, and 12.59%. 
Our study showed that there were differences between the 
cumulative specific mortality estimated by the competitive 
risk model and the Cox regression, and Cox regression 
seemed to overestimate the cumulative specific mortality at 
different time points.

We constructed a predictive nomogram of luminal 
B breast cancer for the first time. Our nomogram has 
good accuracy and rationality and can provide a basis 
for the development and innovation of clinical scoring 
tools. However, there were some limitations. First, other 
effective predictors of specific death (such as hypertension 

and other comorbidities, radiotherapy and chemotherapy 
methods, response to radiotherapy and chemotherapy) are 
lacking in SEER database, which limits the accuracy of 
the model to some extent. In the future, we will include 
more comprehensive clinical data, such as immunotherapy, 
gene test, and tumor markers. Second, data from other 
institutions were not used, leading to our inclusion case 
limitations. Additional institutional data will be included to 
add clinical samples from different regions to supplement 
and further validate the model.

Conclusions

The nomogram we developed has a satisfactory predictive 
effect. It can be applied to early clinical-specific death risk 
stratification and can guide the future development and 
validation of subsequent scoring tools. Our nomogram can 
also be used in the clinical development of personalized 
treatments and follow-up strategies for patients with 
luminal B breast cancer.
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Figure S1 (A) Cumulative mortality rate under different levels of Pathological behavior in the training cohort and the validation cohort; (B) 
cumulative mortality rate under different bone metastasis states in the training cohort and the validation cohort; (C) cumulative mortality 
rate under different brain metastasis states in the training cohort and the validation cohort; (D) cumulative mortality rate under different 
levels of chemotherapy in the training cohort and the validation cohort.

Figure S2 (A) Cumulative mortality rate under different ER statuses in the training cohort and the validation cohort; (B) cumulative 
mortality rate under different grades in the training cohort and the validation cohort; (C) cumulative mortality rate under different levels of 
Laterality in the training cohort and the validation cohort; (D) cumulative mortality rate under different liver metastasis states in the training 
cohort and the validation cohort.
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Figure S3 (A) Cumulative mortality rate under different levels of LNAxillary in the training cohort and the validation cohort; (B) cumulative 
mortality rate under different lung metastasis states in the training cohort and the validation cohort; (C) cumulative mortality rate under 
different levels of malignancy in the training cohort and the validation cohort; (D) cumulative mortality rate under different marital statuses 
in the training cohort and the validation cohort.

Figure S4 (A) Cumulative mortality rate under different M stages in the training cohort and the validation cohort; (B) cumulative mortality 
rate under different N stages in the training cohort and the validation cohort; (C) cumulative mortality rate under different primary sites 
in the training cohort and the validation cohort; (D) cumulative mortality rate under different PR statuses in the training cohort and the 
validation cohort.
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Figure S5 (A) Cumulative mortality rate for patients of different race in the training cohort and the validation cohort; (B) cumulative 
mortality rate under different levels of radiation in the training cohort and the validation cohort; (C) cumulative mortality rate under 
different sizes in the training cohort and the validation cohort; (D) cumulative mortality rate under different stages in the training cohort 
and the validation cohort.

Figure S6 (A) Cumulative mortality rate under different statuses in the training cohort and the validation cohort; (B) cumulative mortality 
rate under different levels of surgery in the training cohort and the validation cohort; (C) cumulative mortality rate under different levels 
of other surgical conditions in the training cohort and the validation cohort; (D) cumulative mortality rate under different T stages in the 
training cohort and the validation cohort.


