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Background: Breast cancer is the most common malignant tumor in women globally. Despite advances 
in primary treatment, the role of adjuvant therapy in reducing recurrence and improving survival is critical; 
however, there is a notable lack of tailored prognostic models for patients receiving adjuvant therapy. This 
study used the Surveillance, Epidemiology, and End Results (SEER) database to develop a prognostic 
nomogram for breast cancer patients receiving adjuvant therapy.
Methods: The data of breast cancer patients who received adjuvant therapy after surgery in 2014–2015 
were extracted from the SEER database. Univariate Cox regression identified significant prognostic variables 
that were further refined by least absolute shrinkage and selection operator (LASSO) regression and cross-
validation analyses. These variables were incorporated into a multivariate Cox regression analysis to establish 
the predictive model. This model was visualized and validated using various statistical measures.
Results: A total of 54,960 patients were included in the study, with 38,472 in the training set and 16,488 
in the validation set. Age, sex, race, marital status, grade, tumor (T) stage, lymph node (N) stage, subtype, 
and radiotherapy were found to be significant independent risk factors of 1-, 3-, and 5-year overall survival 
(OS). The receiver operating characteristic curve area for 1-, 3-, and 5-year OS was >0.76 in both sets. 
The consistency index values were 0.768 and 0.763 for the training and validation sets, respectively. The 
calibration curves showed good fit, and the nomogram exhibited substantial clinical utility.
Conclusions: Incorporating various significant factors, the constructed nomogram was able to effectively 
predict the prognosis of breast cancer patients who received adjuvant therapy. This nomogram extends 
understandings of complex prognosis scenarios. In addition, it could enhance personalized treatment plans 
and assist in patient counseling.
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Introduction 

Breast cancer is one of the most common malignant tumors 
in women worldwide, and it also has one of the highest 
mortality rates (1). According to the latest global cancer 
burden data released by the International Agency on 
Cancer Research (IARC) of the World Health Organization 
(WHO) (2), the number of new cases of breast cancer 
reached 2.26 million in 2020, making breast cancer the 
most common cancer worldwide for the first time. Breast 
cancer accounted for 11.7% of all new cancer cases in  
2020 (2). Breast cancer is also the fifth leading cause of 
cancer-related death worldwide, claiming 685,000 lives 
in 2020 (2). As a populous country, the number of breast 
cancer patients in China is high (3). Among Chinese 
women, breast cancer ranked first in terms of incidence 
(19.9%) and fourth in terms of mortality (9.9%) among all 
cancers in 2020 (2). The high incidence of breast cancer 

and the risk of recurrence, which lasts between 10 and  
32 years (4), also make postoperative treatment one of the 
most important aspects of breast cancer treatment.

In the postoperative treatment of breast cancer, 
adjuvant therapy (e.g., chemotherapy and radiotherapy) 
can effectively kill residual cancer cells, reduce the risk of 
recurrence, and improve the survival rate of patients (5-8). 
Adjuvant therapy has become an important means of breast 
cancer treatment; however, uncertainty as to its treatment 
effects remains. Factors such as individual differences, 
tumor characteristics, and treatment regimens may affect 
patient prognosis. Therefore, it is necessary to study 
the prognostic risk factors of patients receiving adjuvant 
therapy, particularly in the absence of existing models 
specifically designed for this patient cohort.

To better investigate the prognostic risk factors of breast 
cancer patients treated with adjuvant therapy after surgery, 
data from the Surveillance, Epidemiology, and End Results 
(SEER) database were used in this study. The SEER 
database collects the clinical, demographic, and treatment 
information of breast cancer patients from 18 regions in 
the United States and consolidates it into a centralized  
database (9). The application of this large database has 
promoted extensive breast cancer-related research and 
provided important support for the early prediction, 
treatment, and management of breast cancer. This 
study aimed to develop and validate a new multivariable 
prediction model using the SEER database to improve the 
accuracy of prognosis and treatment outcomes for breast 
cancer patients undergoing adjuvant therapy. This model 
is expected to enable more personalized prediction, taking 
into account the diversity of patient characteristics and 
treatment responses. We present this article in accordance 
with the TRIPOD reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-23-537/rc).

Methods

General information

This study was based on the clinical data of 18 SEER cancer 
registries. A total of 54,960 patients with breast cancer who 
received adjuvant therapy from 2014 to 2015 were selected 
from the SEER database as the research subjects. These 
patients were randomly allocated to the training set and 
validation set at a 2:1 ratio, resulting in 38,472 patients 
in the training set and 16,488 patients in the validation 
set. Demographic data, clinical indicators, and prognostic 

Highlight box

Key findings
• The study developed a prognostic nomogram for breast 

cancer patients receiving adjuvant therapy, using data from the 
Surveillance, Epidemiology, and End Results (SEER) database.

• The significant independent risk factors for overall survival (OS) 
included age, sex, race, marital status, grade, tumor (T) stage, 
lymph node (N) stage, subtype, and radiotherapy.

• The model demonstrated high accuracy and utility in predicting 1-, 
3-, and 5-year OS as validated by various statistical measures.

What is known and what is new?
• The prognosis of breast cancer patients post-adjuvant therapy is 

influenced by various factors; previous models have used clinical 
and biological data for prognosis prediction.

• This study developed a comprehensive nomogram incorporating 
a wide range of factors, including demographic, clinical, and 
treatment-related variables. It uniquely applied least absolute 
shrinkage and selection operator regression for the variable 
selection, enhancing the performance and interpretability of the 
model.

What is the implication, and what should change now?
• The developed nomogram enables the more accurate and 

personalized prediction of the survival of breast cancer patients 
undergoing adjuvant therapy, and could potentially guide clinical 
decision making.

• Clinicians should consider incorporating this nomogram into 
their practice to enable better prognostic assessment and tailored 
patient counseling. Additionally, the healthcare system should 
acknowledge the value of integrating comprehensive data analysis 
tools in enhancing cancer care.
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follow-up information were collected. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Inclusion and exclusion criteria

To be eligible for inclusion in this study, the patients had 
to meet the following inclusion criteria: (I) have been 
diagnosed with breast cancer from 2014 to 2015; (II) have 
received adjuvant therapy; and (III) have a pathological 
confirmation of the diagnosis. Patients were excluded from 
the study if they met any of the following exclusion criteria: 
(I) had a lack of detailed treatment information; (II) had 
missing clinical data or prognostic information; and/or (III) 
had distant metastasis at the time of diagnosis.

Statistical analyses

Overall survival (OS) was defined as the time from the date 
of cancer diagnosis to the date of death from any cause. 
If a patient was still alive at the last follow-up, their data 
were censored at that point. In this study, the follow-up 
data collection continued until the last update of the SEER 
database, which was in 2020. Thus, the data comprised the 
most recent data available at the time of download. This 
date represents the cut-off date for all patient follow-up 
information, allowing for a uniform assessment and analysis 
of the study subjects.

SEER* Stat Version 8.4.0.1 software (RRID:SCR_003293) 
was used to collect the data, and RStudio 4.2.2 software 
(RRID:SCR_000432) was used to analyze and process the 
data. The count data are expressed as the number of cases or 
percentage, and the Chi-square test was used for comparisons 
between groups. Univariate Cox regression was used to 
analyze the factors influencing the prognosis of breast cancer 
patients who received adjuvant therapy. The significant 
variables of the univariate analysis were screened by the 
least absolute shrinkage and selection operator (LASSO) 
regression and cross-validation analyses. LASSO regression 
was also used to identify the optimal predictor variables 
and avoid a certain degree of overfitting. In the cross-
validation analysis, the selected lambda-1se value was the 
lambda of the simplest model obtained within one variance 
of the lambda-minimum value. This value established a 
model with good performance and a minimum number of 
independent variables, enabling the best predictor to be 
identified. The variables screened again were included in 
the multivariate Cox regression analysis to determine the 

significant independent risk factors for OS (P<0.05). Finally, 
the independent risk factors were used to draw a nomogram 
to predict the 1-, 3-, and 5-year OS of the patients, and a 
regression model was established.

Internal verification was used as the verification method. 
The concordance index (C-index) plot of the training set 
and the validation set over time was drawn. The calibration 
curve (using the 500 bootstrap automatic sampling method), 
receiver operating characteristic (ROC) curve, and decision 
curve analysis (DCA) results were drawn to verify the 
reliability and practicability of the model. We calculated the 
OS score of each patient based on the nomogram model, 
and used RStudio 4.2.2 to calculate the optimal cut-off 
value of the total score. Based on the optimal cut-off value, 
patients were divided into low- and high-risk groups. The 
Kaplan-Meier (K-M) method and log-rank test were used 
to compare survival differences between the risk groups. A 
P value <0.05 was considered statistically significant.

Results

Patient characteristics

A total of 54,960 breast cancer patients were included in this 
study, including 38,472 in the training set and 16,488 in the 
validation set. According to professional knowledge and the 
literature review, the selected research factors were age, race, 
marital status, sex, grade (tumor histological grade), tumor 
(T) stage, lymph node (N) stage [derived from the American 
Joint Committee on Cancer (AJCC), 6th edition], primary 
site, laterality, subtype, radiotherapy, chemotherapy, and 
tumor location. The baseline characteristics of the patients 
in the training and validation sets are shown in Table 1.

Analysis of prognostic factors

A total of 13 variables were included in the univariate Cox 
regression analysis. The results showed that all the variables, 
except laterality [hazard ratio =0.97, 95% confidence 
interval (CI): 0.90–1.04, P=0.39], were prognostic factors 
for breast cancer patients who received adjuvant therapy 
(P<0.05) (Table 2 and Figure 1A). To avoid a certain degree 
of overfitting, a LASSO regression analysis (Figure 1B) and 
cross-validation analysis (Figure 1C) were performed of the 
above 12 variables. The constructed model was optimal 
when lambda was lambda.1se (lambda =0.00580). At this 
point, the primary site, chemotherapy, and tumor location 
were excluded from the LASSO regression. The subsequent 
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Table 1 Baseline characteristics of patients who received adjuvant therapy for breast cancer

Variables
Internal validation cohort 

(N=16,488)
Training cohort  

(N=38,472)
Overall  

(N=54,960)
P value

Age (years) 0.21

<50 2,931 (17.8) 6,678 (17.4) 9,609 (17.5)

50–59 3,961 (24.0) 9,459 (24.6) 13,420 (24.4)

60–69 5,072 (30.8) 11,983 (31.1) 17,055 (31.0)

70–79 3,418 (20.7) 7,725 (20.1) 11,143 (20.3)

≥80 1,106 (6.7) 2,627 (6.8) 3,733 (6.8)

Sex 0.20

Female 16,381 (99.4) 38,182 (99.2) 54,563 (99.3)

Male 107 (0.6) 290 (0.8) 397 (0.7)

Race 0.72

Black 1,539 (9.3) 3,507 (9.1) 5,046 (9.2)

White 13,270 (80.5) 31,033 (80.7) 44,303 (80.6)

Other 1,679 (10.2) 3,932 (10.2) 5,611 (10.2)

Marital status 0.54

Single 6,497 (39.4) 15,050 (39.1) 21,547 (39.2)

Married 9,991 (60.6) 23,422 (60.9) 33,413 (60.8)

Grade 0.14

I 4,431 (26.9) 10,374 (27.0) 14,805 (26.9)

II 7,823 (47.4) 17,966 (46.7) 25,789 (46.9)

III 4,219 (25.6) 10,110 (26.3) 14,329 (26.1)

IV 15 (0.1) 22 (0.1) 37 (0.1)

Stage T 0.84

T1 11,373 (69.0) 26,524 (68.9) 37,897 (69.0)

T2 4,498 (27.3) 10,509 (27.3) 15,007 (27.3)

T3 516 (3.1) 1,226 (3.2) 1,742 (3.2)

T4 101 (0.6) 213 (0.6) 314 (0.6)

Stage N 0.42

N0 12,467 (75.6) 12,467 (75.6) 41,503 (75.5)

N1 3,228 (19.6) 7,462 (19.4) 10,690 (19.5)

N2 558 (3.4) 1,370 (3.6) 1,928 (3.5)

N3 235 (1.4) 604 (1.6) 839 (1.5)

Table 1 (continued)
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multivariate Cox regression analysis of the remaining nine 
variables confirmed that each was a significant independent 
predictor of OS (P<0.05, Figure 1D).

Construction and validation of the prognostic prediction 
nomogram

Based on the results of the analysis, the prognostic factors 

with significant differences and clinical significance in the 
Cox proportional hazards regression model (i.e., age, sex, 
race, marital status, grade, T stage, N stage, subtype, and 
radiotherapy) were included in the nomogram. RStudio 
software was used to construct the nomogram (Figure 2).

As a visual model, a nomogram specifies the scoring 
standard according to the regression coefficient of all 
the independent variables, and gives each level of each 

Table 1 (continued)

Variables
Internal validation cohort 

(N=16,488)
Training cohort  

(N=38,472)
Overall  

(N=54,960)
P value

Primary site 0.63

Axillary tail and overlapping 
lesion

4,433 (26.9) 10,263 (26.7) 14,696 (26.7)

Lower 2,461 (14.9) 5,870 (15.3) 8,331 (15.2)

Nipple and areola and center 921 (5.6) 2,079 (5.4) 3,000 (5.5)

Upper 8,673 (52.6) 20,260 (52.7) 28,933 (52.6)

Laterality 0.90

Left—origin of primary 8,297 (50.3) 19,383 (50.4) 27,680 (50.4)

Right—origin of primary 8,191 (49.7) 19,089 (49.6) 27,280 (49.6)

Breast subtype 0.11

HR−/HER2− 1,219 (7.4) 2,766 (7.2) 3,985 (7.3)

HR−/HER2+ 412 (2.5) 1,040 (2.7) 1,452 (2.6)

HR+/HER2− 13,444 (81.5) 31,177 (81.0) 44,621 (81.2)

HR+/HER2+ 1,413 (8.6) 3,489 (9.1) 4,902 (8.9)

Chemotherapy 0.73

Non-chemotherapy 10,122 (61.4) 23,555 (61.2) 33,677 (61.3)

Chemotherapy 6,366 (38.6) 14,917 (38.8) 21,283 (38.7)

Radiation 0.68

Non-radiation 6,238 (37.8) 14,483 (37.6) 20,721 (37.7)

Radiation 10,250 (62.2) 23,989 (62.4) 34,239 (62.3)

Location of the tumor 0.89

Localized 12,269 (74.4) 28,652 (74.5) 40,921 (74.5)

Direct extension or regional 4,219 (25.6) 9,820 (25.5) 14,039 (25.5)

Status* 0.89

Alive 15,120 (91.7) 35,295 (91.7) 50,415 (91.7)

Dead 1,368 (8.3) 3,177 (8.3) 4,545 (8.3)

Data are expressed as n (%). *, the survival status variable is based on the latest update of the SEER database (November 2022 
Submission). HR, hormone receptor; HER2, human epidermal growth factor receptor 2.
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Table 2 Cox regression analysis of the factors affecting the prognosis of breast cancer patients who received adjuvant therapy

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age (years)

<50 Ref Ref

50–59 1.14 0.98–1.32 0.10 1.30 1.11–1.51 0.001

60–69 1.54 1.34–1.77 <0.001 1.91 1.66–2.20 <0.001

70–79 3.09 2.70–3.54 <0.001 3.80 3.31–4.35 <0.001

≥80 8.42 7.33–9.67 <0.001 8.41 7.29–9.69 <0.001

Sex

Female Ref Ref

Male 2.46 1.89–3.21 <0.001 1.81 1.39–2.37 <0.001

Race

Black Ref Ref

White 0.67 0.61–0.75 <0.001 0.75 0.68–0.84 <0.001

Other 0.45 0.38–0.53 <0.001 0.59 0.50–0.70 <0.001

Marital status

Single Ref Ref

Married 0.51 0.47–0.55 <0.001 0.71 0.66–0.77 <0.001

Grade

I Ref Ref

II 1.39 1.26–1.54 <0.001 1.17 1.06–1.30 0.002

III 2.37 2.15–2.62 <0.001 1.77 1.58–1.98 <0.001

IV 0.78 0.11–5.55 0.80 0.73 0.10–5.22 0.76

Stage T

T1 Ref Ref

T2 2.10 1.95–2.26 <0.001 1.48 1.37–1.60 <0.001

T3 3.49 3.05–4.01 <0.001 2.18 1.88–2.53 <0.001

T4 6.91 5.46–8.74 <0.001 2.28 1.79–2.91 <0.001

Stage N

N0 Ref Ref

N1 1.60 1.47–1.74 <0.001 1.53 1.41–1.67 <0.001

N2 3.02 2.65–3.44 <0.001 2.36 2.05–2.71 <0.001

N3 5.00 4.28–5.84 <0.001 3.50 2.96–4.13 <0.001

Table 2 (continued)
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independent variable a score, which is mainly composed of 
the variable name and the scale line, and the corresponding 
line segment of each variable is marked with the scale 
information, representing the value range of the variable. 
The length of the tick indicates the contribution of the 
factor to the outcome event. The score in the figure is the 
single item score, indicating the corresponding single item 
score of each variable at different values. The total score 
represents the total score of the corresponding individual 

scores after the values of all the variables are added. Based 
on the total score, a vertical line can be drawn to obtain the 
1-, 3-, and 5-year OS of the patient.

The established nomogram underwent internal 
validation. The C-index values of the training set and the 
validation set calculated by RStudio were 0.768 (95% CI: 
0.760–0.771) and 0.763 (95% CI: 0.750–0.776) respectively, 
and the ROC curves were plotted. The areas under the 
curve (AUCs) of the ROC curves at 1, 3, and 5 years were 

Table 2 (continued)

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Primary site*

Axillary tail and 
overlapping lesion

Ref – – –

Lower 1.03 0.92–1.15 0.56 – – –

Nipple and areola and 
center

1.47 1.28–1.70 <0.001 – – –

Upper 0.96 0.88–1.04 0.35 – – –

Laterality

Left—origin of primary Ref – – –

Right—origin of 
primary

0.97 0.90–1.04 0.39 – – –

Breast subtype

HR−/HER2− Ref Ref

HR−/HER2+ 0.78 0.64–0.96 0.02 0.68 0.55–0.83 <0.001

HR+/HER2− 0.50 0.45–0.56 <0.001 0.60 0.53–0.68 <0.001

HR+/HER2+ 0.54 0.46–0.63 <0.001 0.51 0.44–0.60 <0.001

Chemotherapy

Non-chemotherapy Ref – – –

Chemotherapy 1.10 1.02–1.18 0.009 – – –

Radiation

Non-radiation Ref Ref

Radiation 0.57 0.53–0.61 <0.001 0.64 0.60–0.69 <0.001

Location of the tumor

Localized Ref – – –

Direct extension or 
regional

2.08 1.93–2.23 <0.001 – – –

*, see the International Classification of Diseases for Oncology, Third Edition (ICD-O-3). HR, hazard ratio; CI, confidence interval; HR, 
hormone receptor; HER2, human epidermal growth factor receptor 2; Ref, reference.
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Figure 1 Analysis of prognostic factors. (A) Forest plot for the univariate Cox regression analysis. (B) LASSO regression analysis of selected 
variables in the training set. (C) Cross-validation analysis of selected variables in the training set. (D) Forest plot for the multivariate Cox 
regression analysis. CI, confidence interval; HR, hormone receptor; HER2, human epidermal growth factor receptor 2.

0.785, 0.793, and 0.775, respectively, in the training set 
(Figure 3A), and 0.798, 0.781, and 0.767, respectively, in 
the validation set (Figure 3B). In addition, the time C-index 
curves and 1-, 3-, and 5-year calibration curves of the 
training set and the validation set were plotted. The C-index 
curves were all >0.7 (Figure 3C), indicating that the model 
had high accuracy. The calibration curves (Figure 3D) of 
the two groups were close to the ideal reference line of 45 

degrees, and the predicted values and actual results were 
well fitted, indicating that the survival prediction rates 
at 1, 3, and 5 years predicted by the model were in good 
agreement with the actual survival prediction rates. Finally, 
a clinical DCA of the training set and the validation set at 
1, 3, and 5 years (Figure 3E) was conducted to check the 
clinical utility of the model, and the results showed that the 
nomogram had a good net benefit for clinical utility.
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Points 
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Figure 2 Nomogram for predicting the prognosis of breast cancer patients treated with adjuvant therapy after surgery. HR, hormone 
receptor; HER2, human epidermal growth factor receptor 2; OS, overall survival.

Risk stratification

Using the nomogram model, the total OS score of each 
patient was calculated. The best cut-off value of the total 
OS score of the patient was obtained by RStudio software, 
and the risk stratification was performed. The best cut-off 
value of the total OS score of the patients in the training 
set was 152.94. Based on the best cut-off value, the patients 
were divided into the low-risk group (total score <152.94) 
and the high-risk group (total score >152.94). The optimal 
cut-off value of the total OS score of the patients in the 
validation set was 129.34. Based on the optimal cut-off 
value, the patients were divided into the low-risk group (total 
score <129.34) and high-risk group (total score >129.34). 
The K-M method and log-rank test were used to compare 
the survival differences between the risk groups and to plot 
the K-M curves for both the training and validation sets 
(Figure 4). The results showed that the 1-, 3-, and 5-year OS 
rates of the low-risk group in the training set were 99.5%, 

97.3%, and 94.3%, respectively, and those of the high-risk 
group were 96.6%, 83.8%, and 70.5%, respectively. In the 
validation cohort, the 1-, 3-, and 5-year OS rates of the low-
risk patients were 99.6%, 97.4%, and 94.5%, respectively, 
and those of high-risk patients were 97.1%, 84.0%, and 
71.7%, respectively. There were significant statistical 
differences between the risk groups in both the training 
and validation sets (P<0.001), and the prognosis of the low-
risk group was significantly better than that of the high-risk 
group.

Discussion

Adjuvant therapy refers to the selection of appropriate 
chemotherapy, endocrine therapy, molecular targeted 
therapy, immunotherapy, and radiotherapy according 
to the clinical stage, molecular subtype, gene expression 
classification, and other factors after surgical resection of 
the tumor to eliminate possible residual cancer cells in 
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Figure 3 Validation of the prognostic prediction nomogram. (A) ROC curves at 1, 3, and 5 years for the training set. (B) ROC curves at 1, 
3, and 5 years for the validation set. (C) C-index values over time for the training and validation sets. (D) Calibration curves for the training 
and validation sets. (E) DCA curves of the training and validation sets. AUC, area under the curve; ROC, receiver operating characteristic; 
C-index, concordance index; cph, Cox proportional hazards; OS, overall survival; CI, confidence interval; DCA, decision curve analysis.

the body, reduce the risk of recurrence or metastasis, and 
improve the survival rate and quality of life of patients (10). 
Adjuvant therapy for breast cancer is an important part of 
the comprehensive treatment of breast cancer. In recent 
years, with the continuous development of new drugs and 
the continuous application of new technologies, adjuvant 
therapy for breast cancer has progressed rapidly, providing 
more choices and improving patient prognosis.

The indication, regimen, and timing of adjuvant therapy 
for breast cancer should be selected according to individual 
evaluations. At present, a variety of guidelines and consensus 
have been established to provide clinical reference. To more 
accurately evaluate the prognosis of breast cancer patients 
and the benefit of adjuvant therapy, some prognostic 
prediction models based on gene expression profiles or 
immunohistochemistry have emerged in recent years, 
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such as PAM50 molecular typing (11), the oncotype DX 
recurrence score system, and the MammaPrint evaluation 
system (12). These models can help physicians and patients 
to develop more reasonable adjuvant treatment plans and 
avoid overtreatment or undertreatment. However, there 
has been no systematic prognostic study and nomogram 
construction for breast cancer patients receiving adjuvant 
therapy. Studies have confirmed some prognostic factors 
for the survival of breast cancer patients, including age, 
race, marital status, sex, grade (tumor histological grade), 
and subtype (13-16). Drawing on clinical practice and 
the National Comprehensive Cancer Network (NCCN) 
guidelines (17), this study included all factors accessible to 
the SEER database in the screening analysis.

Age is an important factor affecting patient prognosis 

in many cancers, including breast cancer. Previous studies 
have shown that middle-aged patients have better OS and 
breast cancer-specific survival than younger and older 
patients (18,19). This may be related to younger or older 
women having more aggressive or difficult-to-treat types 
of breast cancer. This study focused on middle-aged and 
elderly patients; therefore, detailed stratification was only 
performed for patients aged 50 to 80 years. The results 
showed that age stratification had a statistically significant 
effect on the prognosis of breast cancer patients who 
received adjuvant therapy, especially those aged 70–79 years 
(hazard ratio =3.80, 95% CI: 3.31–4.35) and ≥80 years 
(hazard ratio =8.41, 95% CI: 7.29–9.69). Breast cancer 
mortality increases with age (20) and increases significantly 
in women aged >70 years (21). Therefore, for breast cancer 

Figure 4 High- and low-risk stratification and Kaplan-Meier curves for the training (A) and validation (B) sets.
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patients aged >70 years, a variety of factors should be 
comprehensively considered to prolong OS and improve 
prognosis in those receiving adjuvant therapy, including the 
characteristics of the tumor, survival expectancy, geriatric 
assessment results, treatment goals, preferences, and  
values (22).

The molecular classification of breast cancer based on 
hormone receptor (HR) and human epidermal growth factor 
receptor 2 (HER2) status serves as a critical prognostic and 
therapeutic indicator (23). The most prevalent subtype, 
HR+/HER2−, generally forecasts a favorable prognosis; 
however, it may exhibit endocrine resistance. The HR+/
HER2+ subtype, which is characterized by high proliferation 
and aggressiveness, responds well to targeted therapies. 
Conversely, HR−/HER2+ breast cancer, which relies heavily 
on the HER2 signaling pathway, shows a robust response 
to anti-HER2 treatments. Effective targeted treatments 
are currently lacking for the HR−/HER2− subtype, which 
is noted for its heterogeneity and having the poorest 
prognosis. Among these subtypes, patients with HR+/
HER2+ have the best prognosis (hazard ratio =0.51, 95% 
CI: 0.44–0.60), while those with HR−/HER2− face the most 
challenging outcomes. This conclusion is consistent with 
findings from previous studies of treated (24) and metastatic 
(25,26) breast cancer patients.

Many previous studies have confirmed that the selection 
of individualized adjuvant therapy according to different 
clinical stages, pathological types, molecular markers, and 
other factors can effectively reduce the risk of recurrence 
and metastasis, and improve the survival rate and quality 
of life of breast cancer patients (27). In view of the 
information accessible via the SEER database, we only 
selected radiotherapy and chemotherapy for the analysis 
and construction of the prognostic models.

As early as the 1980s, adjuvant chemotherapy was found 
to have positive effects on the survival of breast cancer 
patients (28), but it has always been difficult to identify 
those who might benefit from this therapy, which has 
limited clinical benefits, especially in terms of long-term 
survival. In this study, adjuvant radiotherapy demonstrated 
a significant improvement in prognosis (hazard ratio =0.64, 
95% CI: 0.60–0.69); however, adjuvant chemotherapy did 
not significantly alter the prognosis of the patients. This 
allowed adjuvant chemotherapy to be excluded from the 
final prediction model construction, along with the primary 
site and location of the tumor, after the LASSO regression 
and cross-validation analyses.

To help guide decisions about adjuvant chemotherapy 

and further improve the clinical benefits, several multi-
gene detection tools have been developed and used in 
clinical practice. The results of multi-gene detection [such 
as 21 genes (29,30) or 70 genes (31,32)] can be combined 
with the patient’s age and menopausal status to make a 
comprehensive decision about the indications of adjuvant 
chemotherapy. 

With the development of medical technology, the 
treatment of cancer will  inevitably move towards 
individualization and precision. In adjuvant targeted 
therapy for breast cancer, the most appropriate drugs and 
regimens can be selected based on different molecular 
markers and patient characteristics to avoid overtreatment 
or undertreatment. It can also be combined with other 
treatment methods (e.g., chemotherapy, radiotherapy, and 
endocrine therapy) to enhance the effect of comprehensive 
treatment and overcome the drug resistance or inefficiency 
that may arise from single treatments. 

T-DXd, the “star drug” in targeted therapy, is a novel 
antibody-conjugated drug targeting the HER2 receptor, 
which has the characteristics of high efficiency, broad 
spectrum, and penetration of the blood-brain barrier. 
It can also target some cancer cells that are resistant or 
ineffective to other HER2-targeting drugs. At present, 
in the latest Destiny-breast04 study (33), unprecedented 
clinical benefits have also been shown for people with low 
HER2 expression. The subsequent Destiny-breast05 trial 
(NCT04622319) aims to compare the efficacy and safety of 
T-DXd and T-DM1 as adjuvant therapy for patients with 
HER2-positive early breast cancer, which is expected to 
significantly improve the long-term prognosis of patients 
with breast cancer after surgery.

We developed a prognostic nomogram based on 
multiple clinical and biological factors, including age, 
sex, race, marital status, grade, T stage, N stage, subtype, 
and radiotherapy. Notably, LASSO regression and cross-
validation analyses were used to screen the prognostic 
factors. Compared with traditional screening methods, 
these methods have obvious advantages in feature selection, 
model generalization ability evaluation, and model selection, 
which can help improve the performance and interpretation 
ability of prediction models. To the best of our knowledge, 
this is a very rare nomogram for this population, and this 
model showed good prognostic performance for breast 
cancer patients receiving adjuvant therapy. In this model, 
the C-index values of the nomogram prediction model in 
the training set and validation set were 0.768 and 0.763, 
respectively. The AUCs of the ROC curves at 1, 3, and 
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5 years were 0.785, 0.793, and 0.775, respectively, in the 
training set, and 0.798, 0.781, and 0.767, respectively, in the 
validation set, indicating that the model had good predictive 
ability. The calibration curves showed that the actual 
probabilities of the 1-, 3-, and 5-year OS of breast cancer 
patients treated with adjuvant therapy were closely aligned 
with the predicted probabilities. This prediction model 
could help clinicians to identify breast cancer patients 
with a poor prognosis in adjuvant therapy. Through close 
postoperative monitoring, individualized adjuvant therapy, 
and the timely adjustment of treatments as necessary, the 
quality of life of these patients could be improved.

The limitations of this study are its retrospective design 
and lack of external validation. Due to the limitations of 
the SEER database, our study lacked any evaluation of 
ultrasound image features, the Ki67 index, gene mutations, 
and other factors that may affect prognosis (e.g., obesity, 
alcohol consumption, and smoking). Therefore, there are 
still some areas for future studies to be improved, such as 
expanding the sample size and scope, increasing external 
validation, optimizing the design and application of the 
nomogram model, and exploring other prognostic factors 
and mechanisms.

Conclusions

In short, being aged ≥80 years, male, black, and single, 
and having a higher grade (III), higher T stage (T4), 
higher N stage (N3), and HR−/HER2−, and not receiving 
radiotherapy were associated with a poor prognosis in 
breast cancer patients treated with adjuvant therapy. Being 
aged ≥80 years was the most significant prognostic factor. 
Based on data from the SEER database, we successfully 
constructed a prognostic prediction nomogram for breast 
cancer patients who received adjuvant therapy, and the 
nomogram was shown to have a good ability to evaluate the 
1-, 3-, and 5-year OS of the patients. This model is of great 
significance, as it may assist clinicians to identify breast 
cancer patients with a poor prognosis after adjuvant therapy 
in a timely manner and make further clinical decisions.
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