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Abstract
Introduction: Human epidermal growth factor receptor 2 (HER2)-positive breast cancer is 
characterized by increased cell proliferation and a high potential for metastasis, resulting 
in a poorer prognosis–especially when brain metastases occur. At present, no definitive 
clinical factors or predictive models exist to guide prognosis in this patient group. 
Objective: This study aims to identify prognostic factors affecting survival in HER-2 
breast cancer patients with brain metastases and to construct a model to assess 
prognosis based on clinical characteristics. 
Methods: Data from female patients diagnosed with breast cancer brain metastases 
between 2011 and 2020 were extracted from the Surveillance, Epidemiology, and 
End Results database. Seventeen clinical factors were evaluated for their association 
with brain metastasis in HER2-positive breast cancer. Univariate and multivariate 
Cox proportional hazard regression analyses were performed, and Kaplan-Meier 
survival curves were plotted based on independent risk factors. A nomogram model 
was then developed to predict survival rates at different time intervals. Model 
performance was evaluated using calibration curves and the concordance index. 
Receiver operating characteristic analysis and decision curve analysis (DCA) were 
also conducted to evaluate predictive accuracy and clinical utility. 
Results: Cox regression analyses identified nine clinical characteristics significantly 
associated with overall survival (OS) and seven factors influencing breast cancer-
specific survival: molecular subtype, age, node stage, liver and lung metastases, 
and estrogen receptor and progesterone receptor status. The models achieved 
concordance indices of 0.680 (OS) and 0.663 (breast cancer-specific survival). The 
nomogram demonstrated strong predictive power, with area under the curve values 
of 0.767 and 0.700, respectively. DCA showed that the model curve significantly 
outperformed the two extreme curves. 
Conclusion: This study identified key prognostic factors and developed a nomogram-
based model with strong predictive value for HER2-positive breast cancer patients 
with brain metastases.
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1. Introduction
According to statistics from the International Agency 
for Research on Cancer, 2.3 million new cases of breast 
adenocarcinoma were reported globally in 2022, making 
breast cancer the second most common cancer worldwide, 
following lung cancer.1 It remains the most frequently 
diagnosed cancer among women, accounting for nearly 
25% of all cancer cases and one-sixth of cancer-related 
deaths in the female population. As such, breast cancer 
continues to represent a major threat to women’s health.1

Approximately 20–40% of breast cancer patients 
develop brain metastases during disease progression.2 
Among these, brain metastasis is particularly prevalent 
in patients with human epidermal growth factor receptor 
2 (HER2)-positive breast cancer, with central nervous 
system involvement occurring in 30–55% of cases.3 A 
retrospective study involving 1,256  patients with breast 
cancer brain metastases reported overall survival (OS) of 
8.7  months, with a relatively high proportion of HER2-
positive cases. Notably, HER2-positive patients who 
received targeted therapy–regardless of estrogen receptor 
(ER) and progesterone receptor (PR) expression–exhibited 
longer survival following the development of brain 
metastases compared to HER2-negative patients.4

Among all cases of breast cancer metastasis, nearly 15% 
of patients develop brain metastases. This suggests that 
breast cancer is one of the most likely tumors to metastasize 
to the brain, with the incidence of brain metastases second 
only to lung cancer.5 With advancements in breast cancer 
treatment, the survival rate of HER2-positive patients has 
significantly improved.6-8 However, due to the protective 
nature of the blood–brain barrier, drug penetration into 
the brain is limited, reducing the efficacy of treatments 
targeting tumor cells that have metastasized to the brain. 
As a result, the current therapies remain inadequate, and 
effective clinical strategies to eliminate tumor cells in breast 
cancer patients with brain metastases are still lacking.9

At present, the general treatment approach for patients 
with brain metastases from breast cancer involves prioritizing 
surgical or radiotherapy interventions–such as stereotactic 
radiosurgery and whole-brain radiotherapy–while 
incorporating appropriate systemic treatments based on 
a comprehensive clinical evaluation. The aim is to control 
brain metastases, alleviate patient symptoms, improve quality 
of life, and extend survival through a multidisciplinary 
collaborative model. However, beyond therapeutic strategies, 
the clinical characteristics that influence survival in patients 
with breast cancer brain metastases have not been clearly 
established. Furthermore, there remains a lack of reliable 
clinical prognostic models capable of accurately predicting 
outcomes in this patient population.10

Previous studies on risk factors for brain metastasis 
in breast cancer have identified HER2 positivity as one 
of the main contributors to the development of brain 
metastases.11 However, the prognostic risk factors specific 
to patients with HER2-positive breast cancer and brain 
metastases remain insufficiently explored. Therefore, 
this study aims to analyze clinical data of female patients 
with HER2-positive breast cancer brain metastases from 
the Surveillance, Epidemiology, and End Results (SEER) 
database. The objective is to identify factors associated 
with prognosis and survival in this patient population and 
to construct a predictive model based on these clinical 
characteristics to assess the prognosis of female patients 
with HER2-positive breast cancer brain metastases.

2. Materials and methods
2.1. Data resource

In this study, data from female patients diagnosed with 
breast cancer and brain metastases between 2011 and 2020 
were extracted from the SEER database, supported by the 
National Cancer Institute, United States.

2.2. Inclusion and exclusion criteria

The inclusion criteria for this study were as follows:
(i)	 Female patients diagnosed with breast cancer and 

brain metastasis between 2011 and 2020, with HER2-
positive and either hormone receptor-negative 
(HER2+/HR−) or hormone receptor-positive 
(HER2+/HR+) subtypes,

(ii)	 Histologically confirmed breast cancer as the only 
primary tumor,

(iii)	Availability of complete clinical and follow-up data.

Patients with a survival time of <1 month were excluded 
from this study. A total of 576 patients who met the inclusion 
criteria were selected, comprising 325 in the HER2+/
HR+ group and 253 in the HER2+/HR− group. The study 
included 17 independent variables as research variables: 
molecular subtype, age, presence of bone metastasis, 
presence of liver metastasis, presence of lung metastasis, ER 
status, PR status, whether surgical treatment was received, 
laterality, tumor grade, pathological classification, number 
of metastases excluding the brain (e.g., bone, liver, and 
lung), sequence of surgery and radiotherapy, sequence of 
systemic treatment and surgery, and tumor (T) and node 
(N) stage based on the 7th  edition of the American Joint 
Committee on Cancer.

2.3. Statistics

Baseline patient data were analyzed using R software 
version 4.2.1 (R Core Team). Univariate and multivariate 
Cox regression analyses were performed using the survival 
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and rms packages to identify clinical characteristics 
associated with OS and breast cancer-specific survival 
(BCSS). Kaplan-Meier survival curves for each 
independent risk factor influencing OS and BCSS were 
generated using the survival and survminer packages, with 
visualization carried out using ggplot2. The proportional 
hazard assumption was tested using the survival package, 
and cumulative risk Kaplan-Meier curves were also fitted 
and visualized using survminer and ggplot2.

Significant variables identified through Cox regression 
analysis were subsequently used to construct a nomogram 
model for predicting 1-, 3-, and 5-year OS and BCSS in 
HER2-positive breast cancer patients with brain metastases, 
using the rms package. Calibration curves were plotted to 
evaluate the predictive performance of the nomogram, and 
the consistency index (C-index) was calculated to assess 
its predictive ability. Decision curve analysis (DCA) was 
conducted using the stdca.R package. Receiver operating 
characteristic (ROC) curves were generated using the 

pROC package to evaluate the model’s accuracy, with all 
visualizations performed using ggplot2. A  p<0.05 was 
considered statistically significant.

3. Results
3.1. Patients’ clinical feature

In this study, data from 576  female patients diagnosed 
with HER2-positive breast cancer brain metastasis were 
extracted from the SEER database between 2011 and 2020, 
comprising 323 patients in the HER2+/HR+ group and 253 
in the HER2+/HR− group. The inclusion and screening 
process is illustrated in Figure  1. Statistical analysis 
reveals significant differences between the two groups in 
terms of tumor grade, pathological type, presence of liver 
metastasis, number of metastases excluding the brain, 
and ER and PR status (p<0.05). No statistically significant 
differences are observed in molecular subtype, age, T stage, 
N stage, presence of lung or bone metastases, whether 
surgery was performed, laterality, the sequence of surgery 

Figure 1. Clinical data selection procedure
Abbreviations: HER2+/HR+: Human epidermal growth factor receptor 2-positive and hormone receptor-positive; HER2+/HR−: Human epidermal 
growth factor receptor 2-positive and hormone receptor-negative; SEER: Surveillance, Epidemiology, and End Results.
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and radiotherapy, or the sequence of systemic treatment 
and surgery (p>0.05).

In terms of tumor grade, the HER2+/HR+ group 
included 2.6% grade  I, 14.4% grade  II, 24.7% grade  III, 
and 14.4% unknown. The HER2+/HR− group included 
0.2% grade  I, 7.6% grade  II, 23.4% grade  III/IV, and 
12.7% unknown, suggesting a slightly better degree of 
differentiation in the HER2+/HR+ group.

For pathological type, infiltrating duct carcinoma, 
lobular carcinoma, and other types accounted for 42.9%, 
3.1%, and 10.1% of cases in the HER2+/HR+ group and 
10.8%, 32.3%, and 0.9%, respectively, in the HER2+/HR− 
group.

Liver metastasis was present in 22.7% of the HER2+/
HR− group and 21.7% of the HER2+/HR+ group. In the 
HER2+/HR+ group, 53.1% of patients were ER-positive, 
and 34.4% were PR-positive. In contrast, 43.9% of HER2+/
HR− patients were both ER- and PR-negative. The median 
number of metastatic organs, excluding the brain, is 2 in the 
HER2+/HR− and 1 in the HER2+/HR+ group (Table S1).

3.2. Identification of prognosis-related 
characteristics in patients

Univariate Cox regression analysis was conducted on 16 
independent variables, including molecular subtype, age, 
presence of liver metastasis, presence of lung metastasis, 
ER status, PR status, whether surgical treatment was 
received, presence of bone metastasis, laterality, tumor 
grade, pathological classification, number of metastases 
excluding the brain, sequence of surgery and radiotherapy, 
sequence of systemic treatment and surgery, and T and 
N staging based on the 7th edition of the American Joint 
Committee on Cancer.

To minimize statistical bias caused by insufficient 
sample size in certain categories (n < 3), several variables 
were excluded from the analysis, including unknown 
race, PR status, surgery both before and after radiation, 
radiation both before and after surgery, and intraoperative 
radiation. Variables with statistical significance (p<0.05) 
in the univariate analysis were subsequently selected for 
multivariate Cox regression analysis.

Cox regression analysis reveals that molecular subtype, 
age, race, T stage, N stage, presence of lung metastasis, 
ER status, and PR status serve as independent risk factors 
affecting OS in patients (p<0.05). Among these, HER2+/
HR−, other races (excluding Black and White), N1, 
N2, N3, unknown N stage (NX), ER positivity, and PR 
positivity act as protective factors (hazard ratio [HR] < 1). 
In contrast, older age, T2, T3, T4, unknown T stage (TX), 
and the presence of lung metastasis are identified as risk 

factors (HR > 1). Detailed results are shown in Table S2 
and Figure 2.

In addition, BCSS analysis demonstrates that molecular 
subtype, age, race, T stage, presence of lung metastasis, 
ER status, and PR status are also independent risk factors 
affecting BCSS in patients (p<0.05). HER2+/HR−, other 
races (excluding Black and White), ER positivity, and PR 
positivity are protective factors (HR < 1), whereas age, 
presence of lung metastasis, T4 stage, and TX stage increase 
the risk of mortality (HR > 1) (Table S3 and Figure 3).

3.3. Cumulative risk analysis of different risk 
stratification samples

Multivariate Cox regression analysis was employed to 
identify independent risk factors associated with OS and 
BCSS and to quantify the risk value for each patient. Based 
on the median risk score, all cases were classified into high-
risk and low-risk groups. The cumulative risk differences 
between the groups are illustrated using Kaplan–Meier 
survival curves. As shown in Figure 4, the cumulative risk 
of the low-risk group for both OS and BCSS is significantly 
lower than that of the high-risk group, indicating that the 
model effectively distinguishes patient risk levels.

3.4. Construction of independent risk factor-related 
survival curves

Kaplan-Meier survival curves for OS were constructed 
based on variables such as molecular subtype, age, T stage, 
N stage, presence of lung metastasis, presence of liver 
metastasis, ER status, PR status, whether surgical treatment 
was received, the sequence of surgery and radiation, and 
the sequence of systemic therapy and surgery.

For OS, Kaplan–Meier survival curves were constructed 
using molecular subtype, age, T stage, presence of lung 
metastasis, ER status, PR status, the sequence of surgery 
and radiation, whether surgical treatment was received, 
and the sequence of systemic therapy and surgery as 
independent variables (Figure 5).

Since the Kaplan–Meier method only supports a 
maximum of four groups for data analysis, the “T stage” 
categories were combined into “T0” and “others,” while 
the “NX” group in the “N stage” was excluded because its 
p-value in the multivariate Cox analysis was >0.05.

Kaplan–Meier survival curve results indicate that 
patients who were younger, ER-positive, PR-positive, had 
no lung or liver metastases, were classified as N2, had a 
molecular subtype of HER2+/HR+, were in T4 stage, 
underwent surgical treatment, received radiation therapy 
after surgery, and received systemic therapy after surgery 
had a longer OS (p<0.05). In addition, patients who were 
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Figure 2. Forest plots of clinical characteristics associated with overall survival: (A) Forest plot of univariate Cox regression analysis; (B) forest plot of 
multivariate Cox regression analysis. “Reference” indicates the reference group for ordinal variables, with all other categories compared against it. Blue dots 
represent hazard ratio values, and horizontal lines indicate the 95% confidence intervals.
Abbreviations: CI: Confidence interval; ER: Estrogen receptor; HER2+/HR+: Human epidermal growth factor receptor 2-positive and hormone receptor-
positive; HER2+/HR−: Human epidermal growth factor receptor 2-positive and hormone receptor-negative; HR: Hazard ratio; N: Node stage; NX: 
Unknown node stage; PR: Progesterone receptor; T: Tumor stage; TX: Unknown tumor stage.
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Figure  3. Forest plots of clinical characteristics associated with breast cancer-specific survival: (A) Forest plot of univariate Cox regression analysis; 
(B) forest plot of multivariate Cox regression analysis. “Reference” indicates the reference group for ordinal variables, with all other categories compared 
against it. Blue dots represent hazard ratio values, and horizontal lines indicate the 95% confidence intervals.
Abbreviations: CI: Confidence interval; ER: Estrogen receptor; HER2+/HR+: Human epidermal growth factor receptor 2-positive and hormone receptor-
positive; HER2+/HR−: Human epidermal growth factor receptor 2-positive and hormone receptor-negative; HR: Hazard ratio; N: Node stage; NX: 
Unknown node stage; PR: Progesterone receptor; T: Tumor stage; TX: Unknown tumor stage.
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younger, ER-positive, PR-positive, had no lung or liver 
metastases, were classified as N2, were in T0 stage, had a 
molecular subtype of HER2+/HR+, underwent surgical 
treatment, received radiation therapy after surgery, and 
received systemic therapy after surgery had a longer BCSS 
(p<0.05) (Figure 6).

3.5. Construction of nomogram models for 
predicting OS and BCSS

Nomogram models for predicting 1-, 3-, and 5-year 
OS and BCSS were constructed based on statistically 
significant variables identified in the multivariate Cox 
regression analysis. Each prognostic factor was assigned 
a score according to its regression coefficient, reflecting 
its relative contribution to the risk of mortality. The total 
score, obtained by summing individual scores across all 
variables, corresponds to the predicted probability of OS 
or BCSS for each patient (Figure 7).

3.6. Calibration and validation of the nomogram risk 
prediction model

To assess the performance of the nomogram models, 
calibration curves were generated. As shown in Figure 8, 
the calibration curves for predicting 1-, 3-, and 5-year 
OS and BCSS closely align with the ideal reference line, 
indicating good agreement between predicted and actual 
outcomes. The C-index values for the OS and BCSS 
prediction models are 0.683 and 0.687, respectively, 
suggesting moderate predictive accuracy. Although the 
C-index values are not optimal, they still offer an initial 
estimation of the models’ performance.

To further evaluate the predictive ability of the models, 
a time-dependent ROC curve analysis was performed. 
ROC curves, widely used in machine learning, are 
commonly applied for binary classification and evaluation 
of regression models through transformation methods. 
A common approach is to convert the predictions of the 
regression model into a binary classification problem.

In this study, patient outcomes were classified as binary 
(survival or death), making ROC analysis appropriate for 
assessing the performance of the multivariate Cox model. 
Time-dependent ROC curves represent a specialized 
application of ROC curves in survival data. By dividing 
groups based on various variable thresholds, the sensitivity 
and specificity at each threshold can be determined, 
allowing for the identification of optimal thresholds and 
evaluation of survival model performance.

The time-dependent ROC curves indicate that the 
nomogram models for predicting OS and BCSS in patients 
with HER2-positive breast cancer brain metastases exhibit 
high sensitivity, with areas under the curve of 0.731, 
0.727, 0.791 for 1-, 3-, and 5-year OS, respectively, and 
0.742, 0.719, 0.77 for 1-, 3-, and 5-year BCSS, respectively 
(Figure 9).

The clinical effectiveness of the predictive model was 
evaluated using DCA, which further assessed the clinical 
net benefit of the nomogram prediction model. The DCA 
curves for all positive and all negative represent the clinical 
net benefit under the assumptions of intervening in all 
patients or none, respectively. As shown in Figure 10, the 
model curves lie significantly above these two extremes, 

Figure 4. Cumulative risk-related survival analysis: (A) Overall survival curves for different cumulative risk groups; (B) Breast cancer-specific survival 
curves for different cumulative risk groups
Abbreviations: BCSS: Breast cancer-specific survival; HR: Hazard ratio; OS: Overall survival.
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indicating that the predictive model provides good clinical 
benefit.

4. Discussion
Patients with tumors–such as breast cancer–that 
metastasize to the brain typically have shorter life expectancy 
due to delayed detection and systemic treatment options, 

leading to a continuous increase in mortality rates.12 
Moreover, since routine brain imaging procedures–such 
as cranial magnetic resonance imaging–are not standard 
practice for breast cancer patients, the actual incidence of 
brain metastases may be underestimated.13 Patients with 
stage III breast cancer are more likely to develop central 
nervous system metastases as the initial site of recurrence, 

Figure 5. (A-L) Kaplan–Meier survival analysis of overall survival based on independent risk factors
Abbreviations: ER: Estrogen receptor; HER2+/HR+: Human epidermal growth factor receptor 2-positive and hormone receptor-positive; 
HER2+/HR−: Human epidermal growth factor receptor 2-positive and hormone receptor-negative; HR: Hazard ratio; N: Node; PR: Progesterone receptor; 
SurgRadSeq: Sequence of surgery and radiotherapy; SystemicSurSeq: Sequence of systemic treatment and surgery; T: Tumor.
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while those with stage I or II breast cancer show relatively 
lower rates of brain metastasis.14-18

The SEER database, established by the American Cancer 
Society, provides publicly available tumor data and includes 
demographic and clinical pathological information 
representing nearly 30% of the United States population. 

In this study, the epidemiological status of the patient 
population was extracted from the SEER database. The 
median survival time for patients with breast cancer brain 
metastases ranges from 3.4 to 25.3 months, depending on 
prognostic factors such as molecular subtype and clinical 
symptoms. The median OS for HER2-positive breast 

Figure 6. (A-J) Kaplan–Meier survival analysis of breast cancer-specific survival based on independent risk factors
Abbreviations: ER: Estrogen receptor; HER2+/HR+: Human epidermal growth factor receptor 2-positive and hormone receptor-positive; 
HER2+/HR−: Human epidermal growth factor receptor 2-positive and hormone receptor-negative; HR: Hazard ratio; N: Node; PR: Progesterone receptor; 
SurgRadSeq: Sequence of surgery and radiotherapy; SystemicSurSeq: Sequence of systemic treatment and surgery; T: Tumor.
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Figure 7. Nomogram prediction models for 1-, 3-, and 5-year outcomes: (A) Overall survival and (B) Breast cancer-specific survival
Abbreviations: ER: Estrogen receptor; HER2+/HR+: Human epidermal growth factor receptor 2-positive and hormone receptor-positive; HER2+/HR−: 
Human epidermal growth factor receptor 2-positive and hormone receptor-negative; HR: Hazard ratio; N: Node stage; NX: Unknown node stage; PR: 
Progesterone receptor; T: Tumor stage; TX: Unknown tumor stage.
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cancer patients with brain metastases is 10 months, which 
aligns with previously published research findings.19-21

Current targeted therapies for HER2-positive breast 
cancer mainly include trastuzumab, pertuzumab, 
lapatinib, and ado-trastuzumab emtansine, all of which 
demonstrate favorable efficacy and safety profiles.22-25 
However, trastuzumab is unable to cross the blood–brain 
barrier, resulting in an increased risk of recurrence within 
the central nervous system.26-28

This increased risk is not only due to therapeutic 
limitations but also linked to the inherent tendency of 
HER2-positive breast cancer to metastasize to the brain. 
This tendency may be associated with the upregulation of 

receptor tyrosine kinase HER2 in brain metastatic tumors 
and its role in facilitating the colonization of breast cancer 
cells within the brain microenvironment.29 Regarding 
molecular subtypes, HER2-positive breast cancer is 
associated with the longest OS due to the availability of 
targeted therapies, whereas triple-negative breast cancer 
shows the shortest survival. ER-positive breast cancer 
presents an intermediate prognosis between the two.29

Notably, several studies have examined survival rates in 
relation to prognostic variables–such as tumor subtype,30,31 
age,32 systemic chemotherapy status,32 radiotherapy,33 
surgical status,34 the time interval from initial cancer 
diagnosis to brain metastasis,35 and primary tumor 

Figure 8. Calibration curves for the nomogram prediction model: (A) Overall survival, (B) Breast cancer-specific survival. The vertical lines at the top 
represent the survival probability corresponding to specific samples (i.e., the distribution of predicted survival rates).

A B

Figure 9. Time-dependent receiver operating characteristic analysis for the nomogram prediction model: (A) Overall survival, (B) Breast cancer-specific 
survival
Abbreviations: AUC: Area under the curve; FPR: False-positive rate; TPR: True-positive rate.
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size35–and have identified independent factors influencing 
survival in breast cancer patients with brain metastases, 
including estrogen and PRs, as well as the presence of 
extracranial metastases.

It is therefore evident that the prognosis of breast 
cancer patients with brain metastases exhibits significant 
heterogeneity. Previous studies confirmed that younger 
age, high tumor grade, multiple metastatic sites, lung or 
liver involvement, and negative hormone receptor status 
could indicate a higher risk of brain metastases in patients 
with breast cancer.35

In this study, factors associated with the prognosis of 
HER2-positive breast cancer patients with brain metastases 
are identified. The results show that both median OS and 
BCSS are significantly higher in patients who underwent 
surgery at the primary tumor site. Younger patients tend 
to have a higher risk of developing brain metastases and a 
poorer prognosis.

The findings indicate that brain metastases in HER2-
positive breast cancer patients are significantly associated 
with lung metastases. Lung metastasis is confirmed to be 
an independent prognostic factor for brain metastases 
in breast cancer. This may be related to the expression of 
neuronal adhesion molecule integrin α6 and glial cell-
derived neurotrophic factor in both the brain and lungs, 

which promotes the extravasation of breast cancer cells into 
the lungs and their eventual colonization in the brain.36,37 
However, further research is needed to fully elucidate this 
mechanism.

In addition, whole-brain radiation therapy–one of the 
primary treatment options during the brain metastasis 
stage of breast cancer–has shown the greatest OS benefit for 
patients with brain metastases. Furthermore, incorporating 
targeted therapy into systemic treatment across all 
subgroups further enhances OS benefits. Previous studies 
also suggest that treating only brain metastases, without 
addressing the primary breast cancer, may lead to reduced 
OS. This indicates that the effectiveness of treatment 
targeting the primary breast cancer lesion is a key predictor 
of OS, while the management of brain metastases may play 
more of a palliative role.38

However, the lack of specific data on surgery and 
radiotherapy in the SEER database limits the ability to 
evaluate their effects on HER2-positive breast cancer 
patients with brain metastases. Based on the findings 
of this study, receiving radiation therapy before surgery 
may act as a protective factor for OS but not for BCSS. 
Preoperative radiation may reduce the risk of non-cancer-
related deaths, thereby improving OS, while its effect on 
BCSS may be diminished by other contributing factors.

Figure 10. Decision curve analysis for the nomogram prediction model: (A-C) 1-, 3-, and 5-year overall survival; (D-F) 1-, 3-, and 5-year breast cancer-
specific survival
Abbreviations: BCSS: Breast cancer-specific survival; OS: Overall survival.
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Moreover, BCSS typically requires a longer follow-up 
period to observe disease-specific mortality, whereas OS 
includes all causes of death and may reveal differences 
earlier. If follow-up time is insufficient, the statistical power 
to detect BCSS differences may be limited. In addition, 
lymph node metastasis might serve as a protective factor 
for OS. This could be explained by better responsiveness 
to targeted or endocrine therapies in patients with lymph 
node involvement, and earlier detection of metastasis at 
diagnosis, which facilitates timely initiation of systemic 
treatment and improves disease control.

The nomogram prediction model was constructed 
based on the Cox proportional hazards model to 
analyze survival rates, evaluate its performance through 
calibration and validation, and further assess its clinical 
net benefit through DCA. Instead of examining only 
the direct associations between individual risk factors 
and patient survival, this study incorporated multiple 
potential predictors to improve the model’s accuracy and 
applicability.39 Notably, compared to previous studies, this 
is the first to explore the prognostic impact of treatment 
sequencing in patients with HER2-positive breast cancer 
brain metastases. The model was constructed using data 
from a large-scale, long-term cohort and integrates a 
broader range of clinicopathological features, including 
TX and NX stages. These additions expand upon and 
complement the findings of Chen et al.40 and Lin et al.40,41

However, several limitations remain in this study. The 
SEER database lacks data on recurrence and subsequent 
metastatic sites for HER2-positive breast cancer, limiting 
the ability to evaluate patients who develop brain 
metastases at later stages of the disease. Although the 
SEER database provides a large sample size and high 
reliability compared to smaller, single-center studies on 
brain metastases in breast cancer, it does not provide 
information on several potentially important risk factors. 
These include the presence of vascular tumor thrombus, 
nerve invasion, lymph node positivity rate, Ki67 index, 
detailed surgical procedures, and specific types and 
dosages of chemotherapy or radiotherapy. Future updates 
to the SEER database that include such variables, along 
with external validation studies, would help improve the 
accuracy and clinical relevance of the predictive model.

5. Conclusion
This study provides a comprehensive analysis of prognostic 
factors in patients with HER2-positive breast cancer 
brain metastases. The findings highlight age, disease 
stage, liver metastasis, lung metastasis, and ER and PR 
status as significant independent prognostic indicators. 
Furthermore, a nomogram-based predictive model was 

developed to estimate individualized survival outcomes, 
offering potential clinical value for guiding treatment 
decisions.

Acknowledgments
None.

Funding
This research is supported by Shaanxi Provincial Health 
Breast and Thyroid Disease Medical-Engineering Scientific 
Research and Innovation Team (2024TD-01) and Shaanxi 
Provincial Clinical Research Center for Breast Diseases 
Project (2024SF-LCZX-08).

Conflict of interest
The authors declare that they do not have any competing 
interests.

Author contributions
Conceptualization: Xulong Zhu, Jianhui Li
Formal analysis: Shuhan Wu, Hengtao Song
Funding acquisition: Jianhui Li
Investigation: Yue Wang, Liping Yang
Methodology: Ziyu Luo, Wenjun Shu
Writing–original draft: Xinmiao Liu, Xulong Zhu
Writing–review & editing: Ke Yan, Kenian Pan

Ethics approval and consent to participate
The SEER database is a public database collected and 
collected by the National Cancer Institute of the United 
States, and the data have been removed from the information 
that can identify the patient, which is de-identified data. 
According to Article 32 of the Declaration of Helsinki, 
anonymized data research is exempt from ethical scrutiny. 
The SEER database meets this requirement, so studies 
based on it generally do not require informed consent 
from the patient.

Consent for publication
Not applicable.

Availability of data
All original data can be acquired from the Surveillance, 
Epidemiology, and End Results database (https://seer.
cancer.gov/data-software/).

References
1.	 Bray F, Laversanne M, Sung H, et al. Global cancer statistics 

2022: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2024;74(3):229-263.

https://dx.doi.org/10.36922/EJMO025110055


Volume 10 Issue 1 (2026)	 186� doi: 10.36922/EJMO025110055

Risk factor analysis for HER-2+ MBC with brain metastasis

Eurasian Journal of 
Medicine and Oncology

	 doi: 10.3322/caac.21834

2.	 Raghavendra AS, Ibrahim NK. Breast cancer brain 
metastasis: A  comprehensive review. JCO Oncol Pract. 
2024;20(10):1348-1359.

	 doi: 10.1200/op.23.00794

3.	 Lin NU, Amiri-Kordestani L, Palmieri D, Liewehr DJ, 
Steeg  PS. CNS metastases in breast cancer: Old challenge, 
new frontiers. Clin Cancer Res. 2013;19(23):6404-6418.

	 doi: 10.1158/1078-0432.Ccr-13-0790

4.	 Niikura N, Hayashi N, Masuda N, et al. Treatment outcomes 
and prognostic factors for patients with brain metastases from 
breast cancer of each subtype: A multicenter retrospective 
analysis. Breast Cancer Res Treat. 2014;147(1):103-112.

	 doi: 10.1007/s10549-014-3090-8

5.	 Bartsch R, Berghoff AS, Furtner J, et al. Trastuzumab 
deruxtecan in HER2-positive breast cancer with brain 
metastases: A  single-arm, phase 2 trial. Nat Med. 
2022;28(9):1840-1847.

	 doi: 10.1038/s41591-022-01935-8

6.	 Ríos-Hoyo A, Cobain E, Huppert LA, et al. Neoadjuvant 
chemotherapy and immunotherapy for estrogen receptor-
positive human epidermal growth factor 2-negative breast 
cancer. J Clin Oncol. 2024;42(22):2632-2636.

	 doi: 10.1200/jco.23.02614

7.	 Bartsch R, Rottenfusser A, Wenzel C, et al. Trastuzumab 
prolongs overall survival in patients with brain metastases 
from Her2 positive breast cancer. J  Neurooncol. 
2007;85(3):311-317.

	 doi: 10.1007/s11060-007-9420-5

8.	 Church DN, Modgil R, Guglani S, et al. Extended survival 
in women with brain metastases from HER2 overexpressing 
breast cancer. Am J Clin Oncol. 2008;31(3):250-254.

	 doi: 10.1097/COC.0b013e31815a43c4

9.	 Stavrou E, Winer EP, Lin NU. How we treat HER2-positive 
brain metastases. ESMO Open. 2021;6(5):100256.

	 doi: 10.1016/j.esmoop.2021.100256

10.	 Kuksis M, Gao Y, Tran W, et al. The incidence of brain 
metastases among patients with metastatic breast cancer: 
A  systematic review and meta-analysis. Neuro Oncol. 
2021;23(6):894-904.

	 doi: 10.1093/neuonc/noaa285

11.	 Zafir-Lavie I, Sherbo S, Goltsman H, et al. Successful 
intracranial delivery of trastuzumab by gene-therapy for 
treatment of HER2-positive breast cancer brain metastases. 
J Control Release. 2018;291:80-89.

	 doi: 10.1016/j.jconrel.2018.10.017

12.	 Bartsch R, Berghoff AS, Preusser M. Optimal management 
of brain metastases from breast cancer. Issues and 

considerations. CNS Drugs. 2013;27(2):121-134.

	 doi: 10.1007/s40263-012-0024-z

13.	 Ramakrishna N, Temin S, Chandarlapaty S, et al. 
Recommendations on disease management for patients with 
advanced human epidermal growth factor receptor 2-positive 
breast cancer and brain metastases: ASCO clinical practice 
guideline update. J Clin Oncol. 2018;36(27):2804-2807.

	 doi: 10.1200/jco.2018.79.2713

14.	 Dawood S, Ueno NT, Valero V, et al. Incidence of and survival 
following brain metastases among women with inflammatory 
breast cancer. Ann Oncol. 2010;21(12):2348-2355.

	 doi: 10.1093/annonc/mdq239

15.	 Warren LE, Guo H, Regan MM, et al. Inflammatory breast 
cancer and development of brain metastases: Risk factors and 
outcomes. Breast Cancer Res Treat. 2015;151(1):225-232.

	 doi: 10.1007/s10549-015-3381-8

16.	 Lin NU, Vanderplas A, Hughes ME, et al. Clinicopathologic 
features, patterns of recurrence, and survival among women 
with triple-negative breast cancer in the national comprehensive 
cancer network. Cancer. 2012;118(22):5463-5472.

	 doi: 10.1002/cncr.27581

17.	 Olson EM, Abdel-Rasoul M, Maly J, Wu CS, Lin NU, Shapiro 
CL. Incidence and risk of central nervous system metastases 
as site of first recurrence in patients with HER2-positive 
breast cancer treated with adjuvant trastuzumab. Ann Oncol. 
2013;24(6):1526-1533.

	 doi: 10.1093/annonc/mdt036

18.	 Pestalozzi BC, Holmes E, De Azambuja E, et al. CNS 
relapses in patients with HER2-positive early breast cancer 
who have and have not received adjuvant trastuzumab: 
A  retrospective substudy of the HERA trial (BIG 1-01). 
Lancet Oncol. 2013;14(3):244-248.

	 doi: 10.1016/s1470-2045(13)70017-2

19.	 Sperduto PW, Kased N, Roberge D, et al. Summary report 
on the graded prognostic assessment: An accurate and facile 
diagnosis-specific tool to estimate survival for patients with 
brain metastases. J Clin Oncol. 2012;30(4):419-425.

	 doi: 10.1200/jco.2011.38.0527

20.	 Anders CK, Deal AM, Miller CR, et al. The prognostic 
contribution of clinical breast cancer subtype, age, and race 
among patients with breast cancer brain metastases. Cancer. 
2011;117(8):1602-1611.

	 doi: 10.1002/cncr.25746

21.	 Sperduto PW, Kased N, Roberge D, et al. Effect of tumor 
subtype on survival and the graded prognostic assessment 
for patients with breast cancer and brain metastases. Int J 
Radiat Oncol Biol Phys. 2012;82(5):2111-2117.

	 doi: 10.1016/j.ijrobp.2011.02.027

https://dx.doi.org/10.36922/EJMO025110055
http://dx.doi.org/10.3322/caac.21834
http://dx.doi.org/10.1200/op.23.00794
http://dx.doi.org/10.1158/1078-0432.Ccr-13-0790
http://dx.doi.org/10.1007/s10549-014-3090-8
http://dx.doi.org/10.1038/s41591-022-01935-8
http://dx.doi.org/10.1200/jco.23.02614
http://dx.doi.org/10.1007/s11060-007-9420-5
http://dx.doi.org/10.1097/COC.0b013e31815a43c4
http://dx.doi.org/10.1016/j.esmoop.2021.100256
http://dx.doi.org/10.1093/neuonc/noaa285
http://dx.doi.org/10.1016/j.jconrel.2018.10.017
http://dx.doi.org/10.1007/s40263-012-0024-z
http://dx.doi.org/10.1200/jco.2018.79.2713
http://dx.doi.org/10.1093/annonc/mdq239
http://dx.doi.org/10.1007/s10549-015-3381-8
http://dx.doi.org/10.1002/cncr.27581
http://dx.doi.org/10.1093/annonc/mdt036
http://dx.doi.org/10.1016/s1470-2045(13)70017-2
http://dx.doi.org/10.1200/jco.2011.38.0527
http://dx.doi.org/10.1002/cncr.25746
http://dx.doi.org/10.1016/j.ijrobp.2011.02.027


Volume 10 Issue 1 (2026)	 187� doi: 10.36922/EJMO025110055

Risk factor analysis for HER-2+ MBC with brain metastasis

Eurasian Journal of 
Medicine and Oncology

22.	 Lan Y, Zhao J, Zhao F, Li J, Li X. Partial response to 
trastuzumab deruxtecan (DS8201) following progression 
in HER2-amplified breast cancer with pulmonary 
metastases managed with disitamab vedotin (RC48): 
A  comprehensive case report and literature review. Front 
Oncol. 2024;14:1338661.

	 doi: 10.3389/fonc.2024.1338661

23.	 Yang C, Shangguan C, Lou G, Qu Q. The efficacy of pyrotinib-
based therapy in lapatinib-resistant metastatic HER2-
positive breast cancer. Ann Palliat Med. 2022;11(1):332-338.

	 doi: 10.21037/apm-21-3965

24.	 Swain SM, Macharia H, Cortes J, et al. Event-free survival 
in patients with early HER2-positive breast cancer with a 
pathological complete response after HER2-targeted therapy: 
A pooled analysis. Cancers (Basel). 2022;14(20):5051.

	 doi: 10.3390/cancers14205051

25.	 Zervantonakis IK, Poskus MD, Scott AL, et al. Fibroblast-
tumor cell signaling limits HER2 kinase therapy response 
via activation of MTOR and antiapoptotic pathways. Proc 
Natl Acad Sci U S A. 2020;117(28):16500-16508.

	 doi: 10.1073/pnas.2000648117

26.	 Olson EM, Najita JS, Sohl J, et al. Clinical outcomes and 
treatment practice patterns of patients with HER2-positive 
metastatic breast cancer in the post-trastuzumab era. Breast. 
2013;22(4):525-531.

	 doi: 10.1016/j.breast.2012.12.006

27.	 Zolcsák Z, Loirat D, Fourquet A, Kirova YM. Adjuvant 
trastuzumab emtansine (T-DM1) and concurrent 
radiotherapy for residual invasive HER2-positive breast 
cancer: Single-center preliminary results. Am J Clin Oncol. 
2020;43(12):895-901.

	 doi: 10.1097/coc.0000000000000769

28.	 Liang Y, Zhang H, Song X, Yang Q. Metastatic heterogeneity 
of breast cancer: Molecular mechanism and potential 
therapeutic targets. Semin Cancer Biol. 2020;60:14-27.

	 doi: 10.1016/j.semcancer.2019.08.012

29.	 Palmieri D, Bronder JL, Herring JM, et al. Her-2 
overexpression increases the metastatic outgrowth of breast 
cancer cells in the brain. Cancer Res. 2007;67(9):4190-4198.

	 doi: 10.1158/0008-5472.Can-06-3316

30.	 Eichler AF, Kuter I, Ryan P, Schapira L, Younger J, 
Henson JW. Survival in patients with brain metastases from 
breast cancer: the importance of HER-2 status. Cancer. 
2008;112(11):2359-2367.

	 doi: 10.1002/cncr.23468

31.	 Nam BH, Kim SY, Han HS, et al. Breast cancer subtypes and 
survival in patients with brain metastases. Breast Cancer Res. 
2008;10(1):R20.

	 doi: 10.1186/bcr1870

32.	 Subbiah IM, Lei X, Weinberg JS, et al. Validation and 
development of a modified breast graded prognostic 
assessment as a tool for survival in patients with breast cancer 
and brain metastases. J Clin Oncol. 2015;33(20):2239-2245.

	 doi: 10.1200/jco.2014.58.8517

33.	 Chargari C, Campana F, Pierga JY, et al. Whole-brain 
radiation therapy in breast cancer patients with brain 
metastases. Nat Rev Clin Oncol. 2010;7(11):632-640.

	 doi: 10.1038/nrclinonc.2010.119

34.	 Ogawa K, Yoshii Y, Nishimaki T, et al. Treatment and 
prognosis of brain metastases from breast cancer. 
J Neurooncol. 2008;86(2):231-238.

	 doi: 10.1007/s11060-007-9469-1

35.	 Nieder C, Marienhagen K, Astner ST, Molls M. Prognostic 
scores in brain metastases from breast cancer. BMC Cancer. 
2009;9:105.

	 doi: 10.1186/1471-2407-9-105

36.	 Slimane K, Andre F, Delaloge S, et al. Risk factors for brain 
relapse in patients with metastatic breast cancer. Ann Oncol. 
2004;15(11):1640-1644.

	 doi: 10.1093/annonc/mdh432

37.	 Whiteley AE, Ma D, Wang L, et al. Breast cancer exploits 
neural signaling pathways for bone-to-meninges metastasis. 
Science. 2024;384(6702):eadh5548.

	 doi: 10.1126/science.adh5548

38.	 Hijazi A, Mohanna M, Sabbagh S, et al. Clinico-pathologic 
factors and survival of patients with breast cancer diagnosed 
with de novo brain metastasis: A national cancer database 
analysis. Breast Cancer Res Treat. 2024;206(3):527-541.

	 doi: 10.1007/s10549-024-07321-x

39.	 Efthimiou O, Seo M, Chalkou K, Debray T, Egger M, 
Salanti G. Developing clinical prediction models: A step-by-
step guide. BMJ. 2024;386:e078276.

	 doi: 10.1136/bmj-2023-078276

40.	 Chen Y, Qiu Y, Shen H, Yan S, Li J, Wu W. Development 
of prognostic models for HER2-positive metastatic breast 
cancer in females: A retrospective population-based study. 
BMC Womens Health. 2024;24(1):675.

	 doi: 10.1186/s12905-024-03526-w

41.	 Lin H, Wu Y, Liang G, Chen L. Establishing a predicted model 
to evaluate prognosis for initially diagnosed metastatic 
Her2-positive breast cancer patients and exploring the 
benefit from local surgery. PLoS One. 2020;15(11):e0242155.

	 doi: 10.1371/journal.pone.0242155

https://dx.doi.org/10.36922/EJMO025110055
http://dx.doi.org/10.3389/fonc.2024.1338661
http://dx.doi.org/10.21037/apm-21-3965
http://dx.doi.org/10.3390/cancers14205051
http://dx.doi.org/10.1073/pnas.2000648117
http://dx.doi.org/10.1016/j.breast.2012.12.006
http://dx.doi.org/10.1097/coc.0000000000000769
http://dx.doi.org/10.1016/j.semcancer.2019.08.012
http://dx.doi.org/10.1158/0008-5472.Can-06-3316
http://dx.doi.org/10.1002/cncr.23468
http://dx.doi.org/10.1186/bcr1870
http://dx.doi.org/10.1200/jco.2014.58.8517
http://dx.doi.org/10.1038/nrclinonc.2010.119
http://dx.doi.org/10.1007/s11060-007-9469-1
http://dx.doi.org/10.1186/1471-2407-9-105
http://dx.doi.org/10.1093/annonc/mdh432
http://dx.doi.org/10.1126/science.adh5548
http://dx.doi.org/10.1007/s10549-024-07321-x
http://dx.doi.org/10.1136/bmj-2023-078276
http://dx.doi.org/10.1186/s12905-024-03526-w
http://dx.doi.org/10.1371/journal.pone.0242155

