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ABSTRACT

Background: Breast cancer is the most common malignancy and a leading cause of cancer‐related deaths among women

worldwide. Although treatment advances have improved outcomes, the 5‐year survival rate for metastatic breast cancer remains

low. Understanding the anatomical distribution, associated risks, and prognostic features of metastases in patients with newly

diagnosed stage IV breast cancer is essential for improving clinical management. This study aims to comprehensively investigate

these aspects using data from the SEER database.

Methods: This study utilized a retrospective cohort design, examining data from the Surveillance, Epidemiology, and

End Results (SEER) database. The investigation considered patients diagnosed with stage IV breast cancer from SEER database.

Using logistic regression, odds ratios (ORs) were calculated to determine the risk of various metastases, stratified

based on sociodemographic and clinicopathological variables. Survival analyses were executed with Kaplan–Meier methodology

in tandem with Cox regression analyses.

Results: Out of 356,789 breast cancer patients considered, 18,036 (5.06%) were diagnosed with de novo stage IV disease. Bone

metastasis predominated with a composition ratio of 42.6%. Patients with the HR−/HER2+ subtype exhibited the highest

metastasis incidence at the time of diagnosis, constituting 8.7% of the entire cohort. Male patients displayed heightened

susceptibility to bone, lung, and brain metastases compared to female counterparts. Hispanic individuals exhibited the highest

propensity for brain metastases. Relative to other subtypes, the HR−/HER2− patients were more inclined toward lung

metastases. Those with bone metastasis had a median survival period of 27 months. Grade III patients with brain or liver
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metastases faced the most adverse prognoses. A comprehensive profile detailing metastasis patterns by demographics, tumor

site and stage, biology, and treatment was presented.

Conclusions: This study represents the most comprehensive analysis of metastasis' anatomical distribution and prognosis in

breast cancer, offering invaluable insights into metastatic tendencies and characteristics.

1 | Introduction

Breast cancer is the most commonly diagnosed cancer and

the leading cause of cancer‐related mortality among women

worldwide [1]. The majority of breast cancer patients pres-

ent with localized disease, primarily confined to the breast

and adjacent lymph nodes (stages I–III), with current

treatment protocols offering extended survival for most

[2, 3]. However, despite significant therapeutic advance-

ments in recent decades, the 5‐year survival rate for patients

with metastatic breast cancer remains discouragingly low, at

approximately 32% [1]. Understanding the characteristics of

this critical subgroup is essential for improving clinical

surveillance and developing more effective management

strategies.

The most common sites of metastasis in breast cancer

include the bone, liver, lung, and brain. Several factors, such

as tumor size, lymph node involvement, histological grade,

pathological subtype, and key biological markers such as

hormone receptor and HER2 status, influence the onset and

progression of metastatic disease. Wang et al. [4] identified

significant differences in distant metastasis patterns among

patients with various breast cancer subtypes, noting that

those with brain metastasis had the poorest cancer‐specific

survival across all subtypes. These findings were corrobo-

rated by Xiao et al. [5]. Although molecular subtypes play a

crucial role in predicting site‐specific metastases, recent

studies have highlighted the importance of other factors in

influencing metastatic patterns. Wang et al. [6] demon-

strated that primary tumor location affects metastatic

spread, with upper‐outer quadrant tumors associating with

bone metastases and central tumors showing a higher pro-

pensity for liver metastases. Additionally, sociodemographic

factors such as race [7] and marital status [8] have been

found to modulate metastatic risk. Notably, patients with

lower socioeconomic status tend to have higher rates of

metastatic disease at diagnosis and are more likely to present

with multiple metastatic sites. Despite these insights, the

complex interplay between sociodemographic factors, clini-

copathological variables, and distant metastasis patterns

remains poorly understood. Furthermore, the pattern of

multisite metastases, a critical aspect of advanced breast

cancer, has yet to be comprehensively explored. This gap

underscores the need for more granular investigations into

the multifaceted nature of metastatic breast cancer.

In recent years, breast cancer research has expanded beyond the

study of localized disease to address the complexities of meta-

static breast cancer. This shift reflects an increasing recognition

of the urgent need to understand the mechanisms of metastasis,

which remains the leading cause of death in breast cancer

patients. Leveraging population‐based data from the SEER

database, the current study aims (1) to describe the incidence

and composite ratio according to major distant metastasis sites,

and (2) to investigate the survival and the associations between

major clinicopathological variables and different metastasis

pattern. By analyzing data from diverse patient demographics

and cancer characteristics, we aim to uncover patterns that

could inform more personalized and effective treatment

approaches.

2 | Methods

2.1 | Study Design and Data Source

This study employed a population‐centric methodology, utiliz-

ing data procured from the Surveillance, Epidemiology, and

End Results (SEER) database [9]. This approach was conducted

in strict adherence to the stipulations delineated by the National

Cancer Institute (NCI) under the SEER limited‐use data accord.

2.2 | Patient Selection

The study focused on primary invasive stage IV breast cancer

patients diagnosed within the temporal confines of January 1,

2010, to December 31, 2015. Variables including, but not limited

to, gender, insurance codification, and breast tumor laterality,

were meticulously extracted. Comprehensive nuances pertain-

ing to data extraction and subsequent analyses are elaborated

upon in the Supporting Information.

2.3 | Statistical Analysis

A logistic regression framework was used to compute

odds ratios (ORs), specifically to evaluate the metastatic risk,

stratified based on sociodemographic and clinicopathological

determinants. Prognostic evaluations were undertaken utilizing

both the Kaplan–Meier and the Cox regression analysis.

In our study, we used logistic regression to analyze the

association between various sociodemographic and clinico-

pathological factors (e.g., age, race, and molecular subtype) and

the presence of metastasis at diagnosis. This method was

selected because it is suitable for modeling binary outcomes,

such as the presence or absence of metastasis (yes/no).

The logistic regression outputs provide ORs with associated

95% confidence intervals (CIs) and p values, which quantify the

strength and direction of these relationships while adjusting for

other confounding factors.

For survival analysis, we utilized Cox proportional hazards

regression, a widely used model for time‐to‐event data. This
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model was chosen because it accounts for censoring (patients

who are lost to follow‐up or have not yet experienced the event)

and allows for adjustment of multiple covariates, providing

hazard ratios (HRs) that represent the relative risk of death

associated with different covariates. Both models are commonly

used in clinical research to analyze binary outcomes and time‐

to‐event data, and they offer interpretable results that guide

clinical decision‐making.

To ensure the rigor of our statistical analyses, we provide

further details regarding the choice of models and the handling

of confounding variables. In our multivariable models, we

adjusted for a range of potential confounders, including age,

race, molecular subtype, AJCC T and N stage, and treatment

modalities. These covariates were selected based on their

known associations with metastatic spread and survival

outcomes. We also checked for multicollinearity to ensure that

no redundant variables were included in the models, thereby

avoiding confounding due to highly correlated predictors.

For handling missing data, we applied multiple imputation

method to address missing values in key variables.

All statistical results are presented with full transparency.

CIs and p values are provided for all key outcomes, including

ORs from logistic regression and HRs from Cox regression.

To reduce potential false positive findings due to large

sample size, we considered p < 0.01 as statistically significant

and offer full explanations of how these p values, and CIs

should be interpreted within the context of our findings. This

approach ensures that our statistical methods are transpar-

ent, reproducible, and in line with accepted standards for

clinical research.

2.4 | Ethical Considerations

All operational protocols adhered scrupulously to the ethical

guidelines delineated in the 1964 Helsinki declaration [10] and

its subsequent amendments [11, 12]. The analytical paradigm

was aligned with the stipulations of the Strengthening the Re-

porting of Observational Studies in Epidemiology (STROBE)

guidelines [13]. This study has been reported in line with the

STROCSS criteria [14].

3 | Results

Our comprehensive analysis of 356,789 breast cancer patients

provides significant insights into the patterns, risk factors, and

prognosis of metastatic breast cancer. This study, one of the

largest of its kind, reveals important trends in metastatic site

preferences across different molecular subtypes and demographic

groups. We uncovered distinct relationships between patient

characteristics, tumor biology, and metastatic behavior, which

have significant implications for survival outcomes. Our findings

highlight the complex interplay between tumor grade, race, age,

and metastatic patterns, emphasizing the need for personalized

approaches in managing metastatic breast cancer. These results

not only confirm some previously known associations but also

reveal novel patterns that could inform future research and

clinical decision‐making in breast cancer care.

The final cohort incorporated 356,789 breast cancer patients

(HR+/HER2− 242,541 [68.0%], HR+/HER2+ 35,090 [9.8%],

HR−/HER2+ 15,062 [4.2%], TNBC 37,455 [10.5%]), out of

which 18,036 (5.06%) were diagnosed with stage IV of the

disease. Notably, the molecular subtype distributions align

closely with previous scholarly studies, particularly with those

concerning US‐based patient cohorts [15]. The data set's at-

tributes are bifurcated and elucidated at two analytical levels:

the incidence proportion and the composition ratio, examined

both across the entire cohort and specifically within the

metastatic subset.

3.1 | Incidence Proportion

Of the patients diagnosed with stage IV breast cancer, 13,299

manifested bone metastases (comprising 73.7% of this sub-

group), 1519 showcased brain metastases (8.4%), 5182 were

diagnosed with liver metastases (28.7%), and 6380 had lung

metastases (35.4%). Notably, a fraction of these patients

exhibited multisite afflictions. An exhaustive tabulation

detailing the numerical and incidence proportions of breast

cancer patients with diverse metastatic sites is available in

Table S1. These data are further stratified based on socio-

demographic and clinicopathological parameters. Principal

discoveries from this dataset are comprehensively presented

in Table 1A.

3.2 | Composition Ratio Analysis

Tables 1 and S2 encapsulate both the count and composition

ratios of patients manifesting specific metastatic patterns,

categorized by sociodemographic and clinicopathological

variables. Table S1 remains agnostic to the differentiation of

metastatic site numbers, whereas Table S2 more acutely dif-

ferentiates metastatic patterns based on the quantity of meta-

static sites. Furthermore, the composition ratios of patients

within particular sociodemographic and clinicopathological

classifications—subdivided by metastatic patterns (with distinct

site numbers)—were dissected across the entire breast cancer

patient cohort and the subset displaying any form of metastasis.

The dataset, however, remains undisclosed. In the metastatic

cohort, isolated bone metastasis dominated in prevalence

(42.56%), followed by sole lung metastasis (12.11%). The com-

bination of bone and lung metastasis was third (10.87%),

whereas the amalgamation of “brain, liver, and lung metastasis”

was the least prevalent (0.33%), as detailed in Table S2. The

salient observations have been articulated in Table 1B.

3.3 | Logistic Regression Analysis of Variables
Linked to Specific Metastasis Patterns

Logistic regression examinations were performed across the

entire cohort (Table 2) as well as the subset with any form of

metastasis (Table S3). The prominent findings are illustrated in

Table 1C.
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TABLE 1 | Key findings of metastatic disease in newly diagnosed stage IV breast cancer.

Clinical items Statistical results and major findings

(A) Incidence proportions for breast cancer metastasis

This section presents the proportion of patients with each type of metastasis (bone, brain, liver, lung) at the time of diagnosis.

These proportions were calculated based on the entire cohort of stage IV breast cancer patients. Statistical analysis was performed

using logistic regression to estimate the odds ratios (ORs) for each metastatic site, adjusted for sociodemographic and

clinicopathological variables. Results are presented with 95% confidence intervals (CIs) and p values for each category.

Patient demographics Among the entire cohort of patients with metastases, patients under 40 had the highest

incidence proportion (6.6%), followed by patients over 80 (6.4%), whereas patients aged

40–49 years old had the lowest incidence (4.1%) compared to other age groups. Among the

entire cohort, black Americans had the highest incidence of distant metastases (7.5%),

followed by white Americans (4.8%) and Hispanics (4%), whereas Asian/Pacific Islanders

had the lowest incidence (4.0%) (Table 2). However, among the metastatic cohort,

white Americans had the highest incidence (75.4%), and black Americans the lowest

(68.4%) for bone metastasis specifically, whereas for brain metastasis, Hispanics had the

highest (9.9%) and white Americans had the lowest (7.9) (Table 2). This suggested

differences in the distribution of breast cancer metastasis profiles between different races.

Tumor site and stage Among entire cohort, for all metastasis patterns, the larger the tumor and the higher the

AJCC N stage, the higher the incidence of breast cancer metastasis. Patients recorded as

having bilateral disease (n= 1256) appeared to have a very high incidence of metastasis at

diagnosis (77.8%), especially in bone (57.2%). Also, among the entire cohort, for all

patients with metastases, the incidence for patients with central breast tumor was the

highest in terms of primary tumor site (6.05%), followed by tumors that overlapped more

than one quadrant (4.11%); the incidence was the lowest for upper‐inner quadrant

tumor (2.41%).

Tumor biology and treatment Among the entire cohort, regardless of the site, metastasis incidences were positively

correlated with the histology grade. Among the metastatic cohort, brain, liver, and lung

metastases incidences were positively correlated with grade, whereas bone metastases

showed a negative correlation (Table S1). Among the entire cohort, patients of HR

−/HER2+ subtype had the highest incidence proportions for brain metastasis (1.16%),

liver metastasis (4.55%), and lung metastasis (3.60%), whereas HR+/HER2+ patients had

the highest incidence proportion for bone metastasis (5.16%) (Table S1). The metastasis

incidence was lower in patients who had undergone surgery, radiotherapy, or

chemotherapy than in patients who had not (all p< 0.01).

(B) Composition ratio analysis for breast cancer metastasis

This section shows the composition ratios of patients with specific metastatic patterns, stratified by clinical variables. Multivariable

logistic regression was used to determine how clinical characteristics, such as age, race, and molecular subtype, impact the

likelihood of different metastatic patterns.

Patient demographics Among the entire cohort, the proportion of patients aged 60–69 was the largest (26.1%),

followed by those aged 50–59 (23.8%), and the third was aged 70–79 (18.0%). The

proportion of patients < 40 years old was the least (6.1%) (Table 2). The male–female ratio

among the entire cohort was 0.8% versus 99.2%, whereas among the metastatic cohort, it

was 1.2% versus 98.8%, which suggested that the male breast cancer (MBC) patients might

be more likely to develop metastasis than female breast cancer (FBC) patients (Table 2).

Figure S1A showed the ethnic composition ratios in cohorts of different metastatic

patterns (white the largest, followed by black, and then Hispanic).

Tumor site and stage Bilateral breast cancer accounted for 0.4% and 5.4% among the entire and metastatic

cohorts, respectively. The patients whose primary breast tumor was located in the upper‐

outer quadrant accounted for the highest proportion (21.7%) among the entire cohort,

overlapping the second highest (18.3%), central the third (6.0%), upper‐inner the fourth

(5.7%), lower‐outer the fifth (4.9%), and lower‐inner the sixth (3.2%) (Table 2). Among the

metastatic cohort, T4 cancer accounted for the largest proportion (28.7%), followed by T2

(26.3%). The proportion of N1 stage patients accounted for the largest (41.1%), followed by

N0 (24.5%), the third was N3 (11.9%), and the fourth was N2 (9.8%) (Table 2 and

Figure S1B).

(Continues)
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TABLE 1 | (Continued)

Clinical items Statistical results and major findings

Tumor biology HR+/HER2− accounted for the largest proportion (51.3%), followed by HR+ /HER2+

(13.9%), third was HR−/HER2− (11.0%), and fourth was HR−/HER2+ (7.3%) in

regardless of metastasis pattern (Table 2 and Figure S1C). Grade III had the largest

proportion (35.3%), grade II the second (31.4%), grade I the third (5.9%), and grade IV the

least (0.7%) (Table 2 and Figure S1D).

(C) Variables associated with specific metastasis pattern by logistic regression

In this section, we present the odds ratios and statistical significance for various factors (age, sex, and molecular subtype)

influencing metastasis at diagnosis. These were derived using logistic regression, adjusting for potential confounders.

Patient demographics Among the entire cohort, FBC under 40 were more likely to develop bone metastases and

liver metastases and were less likely to develop lung metastases (Table 3). Compared to

MBC patients, female patients were less susceptible to bone metastasis (OR 0.71;

p= 0.001) and lung metastasis (OR 0.62; p< 0.001), but were more likely to develop liver

metastasis (OR 2.01; p< 0.001), whereas no statistical difference for brain metastases was

observed (p= 0.276) (Table 3). Compared to other races, white patients were the most

susceptible to bone metastases (all p< 0.01). Black patients, however, were more likely to

develop lung metastases than white patients (OR 1.15; p= 0.001; Table 3). No significant

differences were found among races for brain metastases. Among the metastatic cohort

(Table S3), blacks were the least likely to develop bone metastases (vs. white, OR 0.74;

p< 0.001).

Tumor site and stage Among the entire cohort (Table 3), bilateral breast cancer was more likely to develop

metastases (vs. left, OR 6; p< 0.001), especially bone metastases (vs. left, OR 2.73;

p< 0.001). Among the metastatic cohort (Table S3), bilateral breast cancer was less likely

to develop lung metastasis (vs. left, OR 0.7; p= 0.001). Among the entire cohort (Table 3),

patients with upper‐quadrant tumors were less likely to develop distant metastases

(especially lung metastases) than those with lower‐quadrant tumors (p< 0.01). Patients

with central tumors were more likely to develop bone metastases (vs. upper‐outer, OR

1.31; p< 0.001). The higher the AJCC T stage of the tumor, the more likely the patients

were to develop metastasis (p< 0.001; Tables 3 and S3).

Tumor biology Among the entire cohort, Grade I patients were the least likely to develop metastatic

diseases (Table 3). Among the metastatic cohort (Table S3), grade II patients were the

most likely to develop bone metastases (vs. grade I, OR 1.1; p< 0.001); and grade IV

patients were the least likely to develop bone metastasis (vs. grade I, OR 0.51; p= 0.004).

As for the pathology, as shown in Table 3, LC was more likely to have bone metastasis

(OR 1.19; p< 0.001) and brain metastasis (OR 1.7; p< 0.001); but less likely for lung

metastasis (OR 0.3; p< 0.001). LC, IDLC and IDM patients were all less likely to develop

lung metastasis than IDC patients (LC: OR 0.3, p< 0.001; IDLC: OR 0.57, p< 0.001; and

IDM: OR 0.71, p= 0.009; Table 3). No differences were found for the propensities to

develop brain metastases among the several major pathological types. As shown in

Table 3, among the entire cohort, for molecular subtype, HR+/HER2− and HR+/HER2+

were more susceptible to developing both bone metastasis and lung metastasis than HR

−/HER2+ and HR−/HER2−. HR+/HER2− was the least likely to develop brain

metastases and liver metastases. From Table S3 based on the metastatic cohort, the

difference of the predisposition to bone metastasis among all the molecular subtypes was

not statistically significant. HR+/HER2− subtype was still the least likely to develop brain

and liver metastasis.

Treatment From Tables 3 and S3, patients who had not ever undergone surgery were more likely to

develop metastases. Interestingly, compared to patients who had not received

radiotherapy, patients who had received radiotherapy were more likely to develop bone

metastasis (OR 3.23; p< 0.001) and brain metastasis (OR 3.75; p< 0.001; Table 3), but less

likely to develop lung metastasis (OR 0.73; p= 0.007; Table 3). Compared to patients who

did not receive chemotherapy, patients who had received chemotherapy were more likely

to develop liver metastases (OR 1.57; p< 0.001; Table 3) and lung metastases (OR 1.16;

p< 0.001; Table 3), but were less likely to develop bone metastases (OR 0.87; p< 0.001;

Table 3).

(Continues)
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3.4 | Prognostic Analysis

Table S4 furnishes a detailed portrayal of median survival

durations for breast cancer patients displaying specific meta-

static patterns, further categorized by sociodemographic and

clinicopathological variables. Among these, patients with bone

metastasis reported the longest median survival duration

(27 months), succeeded by lung (18 months), liver (15 months),

and brain metastasis (9 months). The Kaplan–Meier evaluations

were bifurcated into two distinct paradigms: (1) construction of

survival curves for patients, categorized within specific socio-

demographic and clinicopathological variables, and delineated

by metastatic patterns; (2) depiction of survival curves for pa-

tients, characterized by certain metastatic patterns, and further

stratified by sociodemographic and clinicopathological criteria.

Both Figures 1 and S2 are emblematic of the aforementioned

paradigms. Within the subset manifesting any metastasis, a

direct correlation was observed: as the count of metastatic sites

escalated, the median survival duration plummeted. Typically,

increased age corresponded to reduced survival durations,

as substantiated by Table S4. Supplementary Kaplan–Meier

visualizations remain undisclosed. The seminal observations

are epitomized in Table 1D.

3.5 | Subgroup Analysis

Subgroup analysis revealed significant associations between

histological grade, race, and metastatic patterns in breast

cancer patients. These factors not only influenced the distri-

bution of metastatic sites but also had substantial impacts on

survival outcomes. The analysis uncovered complex relation-

ships between tumor biology, patient demographics, and dis-

ease progression, highlighting the importance of considering

these factors in clinical decision‐making and prognostic

assessments.

Histological grade analysis (Figures S3 and S4) revealed

significant associations with metastatic patterns and survival

outcomes in breast cancer patients. As shown in Figure S3,

grade I tumors predominantly metastasized to bone (61.5%),

whereas higher grade tumors showed increased propensity

TABLE 1 | (Continued)

Clinical items Statistical results and major findings

(D) Survival analysis for breast cancer metastasis

Kaplan–Meier survival curves and Cox proportional hazards regression were used to evaluate the survival times based on the

presence of specific metastatic sites. The section includes hazard ratios (HRs) and p values for each metastatic site and clinical

factor.

Patient demographics From Cox regression (Table S5), regardless of the metastasis site, generally the older the

age, the worse the prognosis. For patients with non‐metastatic breast cancer, FBC

survived longer than MBC (HR 0.8; p< 0.001), whereas for patients with metastasis, there

was no statistical prognosis difference between FBC and MBC, regardless of the

metastasis site (Table S5). From Table S5, the black patients had the highest HR to

develop metastatic diseases than other races.

Tumor site and stage The prognosis of right‐side breast cancer patients with lung metastasis was better than

left‐side patients (HR 0.92; p= 0.007; Table S5). In the subset of patients with metastasis

at any site, the death risk of patients with bilateral tumors was lower than that of

unilateral patients (HR 0.3; p< 0.001), especially for bone metastasis (HR 0.79; p< 0.001;

Table S5). Among the metastatic cohort, lower‐outer breast cancer patients had a better

prognosis than upper‐inner ones (HR 0.9; p= 0.045; Table S5). Generally, the higher the T

stage, the higher the HR (Table S5). For bone, brain, or lung metastases, the prognosis

was not associated with the N stage (Table S5). For liver metastases, N0 stage patients had

the highest HR, followed by N2, significantly higher than N1 and N3 patients (Table S5).

Tumor biology and treatment Among patients with brain metastases or liver metastases, grade III patients had the worst

prognosis (brain: grade III vs. grade I, HR 1.69; 95% CI 1.17–2.44; p= 0.005; liver: grade III

vs. grade I, HR 1.48; 95% CI 1.21–1.8; p< 0.001); there were no significant differences

among grades I, II, and IV patients. Among patients with breast cancer bone metastases,

the prognosis of LC was worse than that of IDC (HR 1.11; p= 0.003; Table S5). If the HR

was arranged in descending order, in the subset of patients with metastasis at any site, it

was HR−/HER2− > HR−/HER2+ >HR+/HER2−> HR+/HER2+ (most p< 0.01;

Table S5).

Metastasis pattern The univariate Cox regression analysis was also conducted based on the four metastasis

patterns (data not shown). Overall, breast cancer patients with brain metastasis had the

highest HR, suggesting the shortest survival, whereas patients with bone metastasis had

the lowest HR, suggesting the longest survival and the best prognosis. The sequence of

prognosis of patients with liver and lung metastasis varied according to sociodemographic

and clinicopathological variables, such as the molecular subtype.
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TABLE 2 | Characteristics and composition ratios of breast cancer patients with metastasis [n (%)].

Case number (n)

All patients

No

metastasis

All

metastasis

Bone

metastasis

Brain

metastasis

Liver

metastasis

Lung

metastasis
n= 356,789

(%)

n= 338,753

(%)

n= 18,036

(%)

n= 13,299

(%)

n= 1519

(%)

n= 5182

(%)

n= 6380

(%)

Diagnosis year

2010 55763 (15.6) 53012 (15.6) 2751 (15.3) 2001 (15.0) 242 (15.9) 781 (15.1) 937 (14.7)

2011 57981 (16.3) 55098 (16.3) 2883 (16.0) 2148 (16.2) 249 (16.4) 827 (16.0) 1007 (15.8)

2012 59024 (16.5) 56094 (16.6) 2930 (16.2) 2145 (16.1) 216 (14.2) 832 (16.1) 1041 (16.3)

2013 60178 (16.9) 57000 (16.8) 3178 (17.6) 2367 (17.8) 268 (17.6) 953 (18.4) 1124 (17.6)

2014 61110 (17.1) 57954 (17.1) 3156 (17.5) 2324 (17.5) 261 (17.2) 952 (18.4) 1154 (18.1)

2015 62733 (17.6) 59595 (17.6) 3138 (17.4) 2314 (17.4) 283 (18.6) 837 (16.2) 1117 (17.5)

Age group

< 40 16754 (4.7) 15648 (4.6) 1106 (6.1) 815 (6.1) 88 (5.8) 433 (8.4) 308 (4.8)

40–49 54546 (15.3) 52316 (15.4) 2230 (12.4) 1650 (12.4) 206 (13.6) 781 (15.1) 676 (10.6)

50–59 85021 (23.8) 80735 (23.8) 4286 (23.8) 3251 (24.4) 434 (28.6) 1386 (26.7) 1432 (22.4)

60–69 96800 (27.1) 92091 (27.2) 4709 (26.1) 3551 (26.7) 443 (29.2) 1257 (24.3) 1756 (27.5)

70–79 65422 (18.3) 62171 (18.4) 3251 (18.0) 2368 (17.8) 236 (15.5) 788 (15.2) 1211 (19.0)

≥ 80 38246 (10.7) 35792 (10.6) 2454 (13.6) 1664 (12.5) 112 (7.4) 537 (10.4) 997 (15.6)

Sex

Male 2799 (0.8) 2588 (0.8) 211 (1.2) 170 (1.3) 20 (1.3) 37 (0.7) 97 (1.5)

Female 353990 (99.2) 336165 (99.2) 17825 (98.8) 13129 (98.7) 1499 (98.7) 5145 (99.3) 6283 (98.5)

Race

White 245066 (68.7) 233217 (68.8) 11849 (65.7) 8931 (67.2) 933 (61.4) 3324 (64.1) 3957 (62.0)

Black 39113 (11.0) 36166 (10.7) 2947 (16.3) 2017 (15.2) 283 (18.6) 926 (17.9) 1181 (18.5)

Hispanic 39271 (11.0) 37369 (11.0) 1902 (10.5) 1382 (10.4) 188 (12.4) 520 (10.0) 716 (11.2)

Asian/Pacific

Islander

29564 (8.3) 28377 (8.4) 1187 (6.6) 863 (6.5) 105 (6.9) 371 (7.2) 469 (7.4)

Other 3775 (1.1) 3624 (1.1) 151 (0.8) 106 (0.8) 10 (0.7) 41 (0.8) 57 (0.9)

Marital status

None‐single 284614 (79.8) 271469 (80.1) 13145 (72.9) 9670 (72.7) 1074 (70.7) 3667 (70.8) 4554 (71.4)

Single 52107 (14.6) 48221 (14.2) 3886 (21.5) 2913 (21.9) 357 (23.5) 1212 (23.4) 1446 (22.7)

Unknown 20068 (5.6) 19063 (5.6) 1005 (5.6) 716 (5.4) 88 (5.8) 303 (5.8) 380 (6.0)

Insurance

Uninsured 5974 (1.7) 5232 (1.5) 742 (4.1) 554 (4.2) 95 (6.3) 254 (4.9) 332 (5.2)

Insured 343570 (96.3) 326699 (96.4) 16871 (93.5) 12444 (93.6) 1386 (91.2) 4811 (92.8) 5891 (92.3)

Unknown 7245 (2.0) 6822 (2.0) 423 (2.3) 301 (2.3) 38 (2.5) 117 (2.3) 157 (2.5)

Laterality

Left 180309 (50.5) 171572 (50.6) 8737 (48.4) 6424 (48.3) 715 (47.1) 2519 (48.6) 3104 (48.7)

Right 175083 (49.1) 166839 (49.3) 8244 (45.7) 6102 (45.9) 685 (45.1) 2366 (45.7) 2963 (46.4)

Bilateral 1256 (0.4) 279 (0.1) 977 (5.4) 718 (5.4) 107 (7.0) 279 (5.4) 286 (4.5)

Unknown 141 (0.0) 63 (0.0) 78 (0.4) 55 (0.4) 12 (0.8) 18 (0.3) 27 (0.4)

Primary site

Upper‐outer 117949 (33.1) 114039 (33.7) 3910 (21.7) 2884 (21.7) 293 (19.3) 1099 (21.2) 1237 (19.4)

Upper‐inner 42591 (11.9) 41564 (12.3) 1027 (5.7) 751 (5.6) 65 (4.3) 287 (5.5) 343 (5.4)

Lower‐inner 19715 (5.5) 19134 (5.6) 581 (3.2) 413 (3.1) 42 (2.8) 147 (2.8) 205 (3.2)

(Continues)
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TABLE 2 | (Continued)

Case number (n)

All patients

No

metastasis

All

metastasis

Bone

metastasis

Brain

metastasis

Liver

metastasis

Lung

metastasis
n= 356,789

(%)

n= 338,753

(%)

n= 18,036

(%)

n= 13,299

(%)

n= 1519

(%)

n= 5182

(%)

n= 6380

(%)

Lower‐outer 26088 (7.3) 25212 (7.4) 876 (4.9) 639 (4.8) 61 (4.0) 239 (4.6) 296 (4.6)

Overlapping 80300 (22.5) 77000 (22.7) 3300 (18.3) 2446 (18.4) 249 (16.4) 960 (18.5) 1175 (18.4)

Central 17939 (5.0) 16854 (5.0) 1085 (6.0) 830 (6.2) 65 (4.3) 278 (5.4) 354 (5.5)

Breast_NOS 48398 (13.6) 41394 (12.2) 7004 (38.8) 5146 (38.7) 714 (47.0) 2109 (40.7) 2682 (42.0)

Other 3809 (1.1) 3556 (1.0) 253 (1.4) 190 (1.4) 30 (2.0) 63 (1.2) 88 (1.4)

Grade

Grade I 76486 (21.4) 75417 (22.3) 1069 (5.9) 909 (6.8) 49 (3.2) 177 (3.4) 265 (4.2)

Grade II 148828 (41.7) 143160 (42.3) 5668 (31.4) 4578 (34.4) 390 (25.7) 1405 (27.1) 1780 (27.9)

Grade III 108143 (30.3) 101781 (30.0) 6362 (35.3) 4167 (31.3) 585 (38.5) 2178 (42.0) 2565 (40.2)

Grade IV 1184 (0.3) 1061 (0.3) 123 (0.7) 63 (0.5) 16 (1.1) 37 (0.7) 64 (1.0)

Unknown 22148 (6.2) 17334 (5.1) 4814 (26.7) 3582 (26.9) 479 (31.5) 1385 (26.7) 1706 (26.7)

Pathology

IDC 263582 (73.9) 252160 (74.4) 11422 (63.3) 8221 (61.8) 945 (62.2) 3472 (67.0) 4342 (68.1)

LC 32625 (9.1) 30840 (9.1) 1785 (9.9) 1625 (12.2) 73 (4.8) 323 (6.2) 227 (3.6)

IDLC 19519 (5.5) 18807 (5.6) 712 (3.9) 608 (4.6) 38 (2.5) 157 (3.0) 152 (2.4)

IDM 11572 (3.2) 11341 (3.3) 231 (1.3) 173 (1.3) 18 (1.2) 57 (1.1) 77 (1.2)

Mucinous 6757 (1.9) 6654 (2.0) 103 (0.6) 63 (0.5) 9 (0.6) 21 (0.4) 57 (0.9)

Tubular 1805 (0.5) 1801 (0.5) 4 (0.0) 3 (0.0) 0 (0.0) 1 (0.0) 0 (0.0)

DCM 1402 (0.4) 1357 (0.4) 45 (0.2) 32 (0.2) 3 (0.2) 7 (0.1) 13 (0.2)

Other 19527 (5.5) 15793 (4.7) 3734 (20.7) 2574 (19.4) 433 (28.5) 1144 (22.1) 1512 (23.7)

AJCC T stage

T1 205136 (57.5) 203224 (60.0) 1912 (10.6) 1430 (10.8) 173 (11.4) 528 (10.2) 529 (8.3)

T2 103812 (29.1) 99074 (29.2) 4738 (26.3) 3522 (26.5) 307 (20.2) 1331 (25.7) 1410 (22.1)

T3 21446 (6.0) 18902 (5.6) 2544 (14.1) 1831 (13.8) 182 (12.0) 700 (13.5) 871 (13.7)

T4 14401 (4.0) 9220 (2.7) 5181 (28.7) 3776 (28.4) 480 (31.6) 1532 (29.6) 2375 (37.2)

TX 10520 (2.9) 7279 (2.1) 3241 (18.0) 2429 (18.3) 332 (21.9) 996 (19.2) 1070 (16.8)

Tis 492 (0.1) 492 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

T0 959 (0.3) 562 (0.2) 397 (2.2) 304 (2.3) 43 (2.8) 90 (1.7) 107 (1.7)

Unknown 23 (0.0) 0 (0.0) 23 (0.1) 7 (0.1) 2 (0.1) 5 (0.1) 18 (0.3)

AJCC N stage

N0 242120 (67.9) 237699 (70.2) 4421 (24.5) 3242 (24.4) 378 (24.9) 1195 (23.1) 1422 (22.3)

N1 80727 (22.6) 73316 (21.6) 7411 (41.1) 5508 (41.4) 593 (39.0) 2231 (43.1) 2755 (43.2)

N2 17878 (5.0) 16106 (4.8) 1772 (9.8) 1295 (9.7) 136 (9.0) 479 (9.2) 629 (9.9)

N3 11011 (3.1) 8871 (2.6) 2140 (11.9) 1576 (11.9) 185 (12.2) 583 (11.3) 756 (11.8)

NX 5053 (1.4) 2761 (0.8) 2292 (12.7) 1678 (12.6) 227 (14.9) 694 (13.4) 818 (12.8)

AJCC stage

I 177092 (49.6) 177091 (52.3) 1 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.0)

II 114720 (32.2) 114720 (33.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

III 38462 (10.8) 38436 (11.3) 26 (0.1) 9 (0.1) 2 (0.1) 6 (0.1) 18 (0.3)

IV 18008 (5.0) 0 (0.0) 18008 (99.8) 13289 (99.9) 1517 (99.9) 5175 (99.9) 6361 (99.7)

0 492 (0.1) 492 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

(Continues)
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for lung and liver metastases. Grade IV tumors exhibited

the highest rate of lung metastases (26.0%). Interestingly, the

proportion of multiorgan metastases (≥ 3 organs) was the

highest in grade III tumors instead of grade IV, suggesting a

complex relationship between tumor grade and metastatic

spread. The Kaplan–Meier survival analysis (Figure S4)

demonstrated a clear stratification based on grade, with grade

I patients showing the best prognosis and grade IV the worst

(below 10% at 60 months). Notably, grades III and IV patients

experienced rapid initial declines in survival, indicating a

higher risk of early mortality post‐diagnosis.

Racial disparities were evident in both metastatic patterns

(Figure S5) and survival outcomes (Figure S6). Figure S5

demonstrates that bone was the most common metastatic site

across all races, with white patients showing the highest

prevalence (44.9%) and black patients the lowest (36.7%).

Lung metastases were most frequent in black patients (15.0%),

whereas liver metastases were most common among Asian

patients (8.7%). Brain metastases showed less variation among

races.

As illustrated in Figure S6, Kaplan–Meier analysis revealed

significant differences in overall survival across racial groups

(p< 0.0001). Asian and Pacific Islander patients demonstrated

superior survival rates, whereas black patients faced the most

challenging prognosis, with survival rates approximating 15%

at 80 months. Notably, the “Other” category displayed the

most favorable survival curve; however, this finding warrants

cautious interpretation due to the limited sample size. The

observed survival disparities persisted across various metastatic

patterns, suggesting that race may serve as an independent

TABLE 2 | (Continued)

Case number (n)

All patients

No

metastasis

All

metastasis

Bone

metastasis

Brain

metastasis

Liver

metastasis

Lung

metastasis
n= 356,789

(%)

n= 338,753

(%)

n= 18,036

(%)

n= 13,299

(%)

n= 1519

(%)

n= 5182

(%)

n= 6380

(%)

Unknown 8015 (2.2) 8014 (2.4) 1 (0.0) 1 (0.0) 0 (0.0) 1 (0.0) 0 (0.0)

Extra metastasis

No extra sites 338753 (94.9) 338753

(100.0)

0 (0.0) 7472 (56.2) 288 (19.0) 1422 (27.4) 2115 (33.2)

1 11635 (3.3) 0 (0.0) 11635 (64.5) 3972 (29.9) 556 (36.6) 2229 (43.0) 2627 (41.2)

2 4692 (1.3) 0 (0.0) 4692 (26.0) 1416 (10.6) 430 (28.3) 1244 (24.0) 1335 (20.9)

3 1475 (0.4) 0 (0.0) 1475 (8.2) 234 (1.8) 234 (15.4) 234 (4.5) 234 (3.7)

4 234 (0.1) 0 (0.0) 234 (1.3) 205 (1.5) 11 (0.7) 53 (1.0) 69 (1.1)

Subtype

HR+/HER2− 242541 (68.0) 233288 (68.9) 9253 (51.3) 7642 (57.5) 563 (37.1) 1957 (37.8) 2864 (44.9)

HR+/HER2+ 35090 (9.8) 32576 (9.6) 2514 (13.9) 1811 (13.6) 222 (14.6) 992 (19.1) 834 (13.1)

HR−/HER2+ 15062 (4.2) 13752 (4.1) 1310 (7.3) 704 (5.3) 175 (11.5) 685 (13.2) 542 (8.5)

HR−/HER2− 37455 (10.5) 35476 (10.5) 1979 (11.0) 1055 (7.9) 274 (18.0) 668 (12.9) 973 (15.3)

Unknown 26641 (7.5) 23661 (7.0) 2980 (16.5) 2087 (15.7) 285 (18.8) 880 (17.0) 1167 (18.3)

Surgery

Not performed 29462 (8.3) 16444 (4.9) 13018 (72.2) 9852 (74.1) 1290 (84.9) 4008 (77.3) 4866 (76.3)

Performed 324372 (90.9) 319633 (94.4) 4739 (26.3) 3253 (24.5) 217 (14.3) 1103 (21.3) 1424 (22.3)

Unknown 2955 (0.8) 2676 (0.8) 279 (1.5) 194 (1.5) 12 (0.8) 71 (1.4) 90 (1.4)

Radiotherapy

Not performed 6103 (1.7) 5847 (1.7) 256 (1.4) 177 (1.3) 21 (1.4) 68 (1.3) 119 (1.9)

Performed 170666 (47.8) 165199 (48.8) 5467 (30.3) 4563 (34.3) 919 (60.5) 1183 (22.8) 1577 (24.7)

None/Unknown 180020 (50.5) 167707 (49.5) 12313 (68.3) 8559 (64.4) 579 (38.1) 3931 (75.9) 4684 (73.4)

Chemotherapy

No/Unknown 217968 (61.1) 208870 (61.7) 9098 (50.4) 6972 (52.4) 728 (47.9) 2108 (40.7) 3179 (49.8)

Yes 138821 (38.9) 129883 (38.3) 8938 (49.6) 6327 (47.6) 791 (52.1) 3074 (59.3) 3201 (50.2)

Note: This table outlines the clinical characteristics and composition ratios of patients with different metastatic sites (bone, brain, liver, and lung) at diagnosis. Variables
such as age group, sex, race, and marital status are presented to show how these factors influence the likelihood of metastasis. Statistical analyses were conducted using
logistic regression to adjust for confounding factors. The percentages represent the distribution of metastatic cases across different subgroups within the cohort.
Abbreviations: DCM, ductal carcinoma, micropapillary; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IDC, infiltrating duct carcinoma;
IDLC, infiltrating duct and lobular carcinoma; IDM, infiltrating duct mixed with other types of carcinoma; LC, lobular carcinoma; Mucinous, mucinous adenocarcinoma;
NOS, not otherwise specified; Tubular, tubular adenocarcinoma; +, positive; −, negative.

9 of 17

 2
7
7
0
9
1
8
3
, 2

0
2
5
, 5

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/cai2

.7
0
0
1
7
 b

y
 T

est, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [1

4
/0

7
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se



TABLE 3 | Multivariable logistic regression for the presence of metastases at diagnosis of breast cancer (among the entire cohort).

All metastasis Bone metastasis Brain metastasis Liver metastasis Lung metastasis

Variable OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age group

< 40 [Reference] [Reference] [Reference] [Reference] [Reference]

40–49 0.81 (0.74–0.89) < 0.001 0.75 (0.67–0.84) < 0.001 1.13 (0.86–1.49) 0.394 0.79 (0.69–0.92) 0.001 1.14 (0.97–1.34) 0.113

50–59 0.97 (0.89–1.06) 0.461 0.86 (0.78–0.96) 0.005 1.22 (0.95–1.58) 0.134 0.73 (0.64–0.84) < 0.001 1.42 (1.23–1.65) < 0.001

60–69 1.01 (0.93–1.11) 0.771 0.83 (0.75–0.92) < 0.001 1.23 (0.95–1.60) 0.119 0.61 (0.53–0.70) < 0.001 1.89 (1.63–2.19) < 0.001

70–79 0.95 (0.87–1.05) 0.324 0.74 (0.66–0.83) < 0.001 0.96 (0.72–1.27) 0.758 0.58 (0.50–0.67) < 0.001 2.05 (1.76–2.40) < 0.001

≥ 80 0.5 (0.45–0.55) < 0.001 0.44 (0.39–0.49) < 0.001 0.58 (0.42–0.81) 0.001 0.48 (0.41–0.57) < 0.001 2.1 (1.79–2.48) < 0.001

Sex

Male [Reference] [Reference] [Reference] [Reference] [Reference]

Female 0.83 (0.69–1.01) 0.058 0.71 (0.57–0.88) 0.001 0.76 (0.47–1.28) 0.276 2.01 (1.38–3.01) < 0.001 0.62 (0.48–0.80) < 0.001

Race

White [Reference] [Reference] [Reference] [Reference] [Reference]

Black 0.92 (0.87–0.97) 0.005 0.8 (0.75–0.86) < 0.001 1.09 (0.93–1.27) 0.275 0.99 (0.90–1.08) 0.782 1.15 (1.06–1.25) 0.001

Hispanic 0.68 (0.63–0.72) < 0.001 0.71 (0.66–0.77) < 0.001 1.17 (0.98–1.39) 0.088 0.67 (0.60–0.74) < 0.001 1.07 (0.97–1.18) 0.164

Asian/Pacific Islander 0.68 (0.62–0.73) < 0.001 0.68 (0.62–0.75) < 0.001 0.96 (0.76–1.19) 0.708 0.79 (0.70–0.90) < 0.001 1.02 (0.91–1.15) 0.689

Other 0.49 (0.39–0.60) < 0.001 0.54 (0.42–0.69) < 0.001 0.61 (0.28–1.17) 0.176 0.67 (0.46–0.94) 0.025 0.88 (0.64–1.19) 0.425

Laterality

Left [Reference] [Reference] [Reference] [Reference] [Reference]

Right 0.97 (0.93–1.01) 0.136 0.98 (0.94–1.03) 0.423 1.02 (0.91–1.15) 0.727 0.97 (0.91–1.03) 0.325 1.01 (0.95–1.07) 0.857

Bilateral 6 (5.02–7.20) < 0.001 2.73 (2.32–3.22) < 0.001 1.12 (0.85–1.47) 0.416 1.2 (0.99–1.44) 0.060 0.87 (0.73–1.04) 0.136

Unknown 4.17 (2.56–6.91) < 0.001 2.08 (1.29–3.37) 0.003 1.89 (0.92–3.62) 0.067 0.88 (0.49–1.52) 0.662 1.19 (0.70–1.97) 0.510

Primary site

Upper‐outer [Reference] [Reference] [Reference] [Reference] [Reference]

Upper‐inner 1.02 (0.94–1.11) 0.631 0.98 (0.89–1.08) 0.636 0.83 (0.62–1.1) 0.201 1 (0.86–1.15) 0.961 1.06 (0.92–1.21) 0.432

Lower‐inner 1.21 (1.08–1.34) 0.001 1.11 (0.98–1.26) 0.105 1.03 (0.72–1.43) 0.886 0.97 (0.80–1.17) 0.747 1.28 (1.08–1.51) 0.004

Lower‐outer 1.16 (1.06–1.27) 0.002 1.11 (1.00–1.23) 0.059 0.95 (0.70–1.27) 0.735 0.99 (0.84–1.15) 0.868 1.22 (1.06–1.41) 0.007

Overlapping 1.1 (1.04–1.16) 0.002 1.07 (1.00–1.15) 0.039 1.06 (0.88–1.27) 0.548 1.05 (0.95–1.16) 0.323 1.15 (1.05–1.26) 0.004

Central 1.32 (1.21–1.45) < 0.001 1.31 (1.18–1.45) < 0.001 1.01 (0.75–1.34) 0.969 1.13 (0.97–1.32) 0.112 1.13 (0.98–1.30) 0.097
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TABLE 3 | (Continued)

All metastasis Bone metastasis Brain metastasis Liver metastasis Lung metastasis

Variable OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Breast_NOS 1.63 (1.54–1.73) < 0.001 1.35 (1.26–1.44) < 0.001 1.38 (1.17–1.63) < 0.001 1.21 (1.10–1.33) < 0.001 1.4 (1.28–1.52) < 0.001

Other 1.34 (1.13–1.59) 0.001 1.24 (1.02–1.51) 0.029 1.97 (1.27–2.96) 0.002 1.06 (0.78–1.42) 0.700 1.29 (0.99–1.66) 0.052

Histological grade

Grade I [Reference] [Reference] [Reference] [Reference] [Reference]

Grade II 1.5 (1.39–1.62) < 0.001 1.4 (1.29–1.53) < 0.001 1.73 (1.27–2.39) 0.001 1.59 (1.35–1.90) < 0.001 1.48 (1.28–1.71) < 0.001

Grade III 1.65 (1.52–1.79) < 0.001 1.3 (1.19–1.43) < 0.001 2.07 (1.52–2.87) < 0.001 2.07 (1.75–2.47) < 0.001 1.83 (1.58–2.12) < 0.001

Grade IV 2.31 (1.75–3.02) < 0.001 1.11 (0.77–1.57) 0.585 3.29 (1.65–6.25) < 0.001 2.03 (1.29–3.11) 0.002 3.08 (2.12–4.41) < 0.001

Unknown 1.99 (1.81–2.18) < 0.001 1.7 (1.53–1.88) < 0.001 1.87 (1.36–2.63) < 0.001 1.8 (1.50–2.17) < 0.001 1.62 (1.38–1.90) < 0.001

Pathology

IDC [Reference] [Reference] [Reference] [Reference] [Reference]

LC 1.19 (1.11–1.27) < 0.001 1.7 (1.59–1.83) < 0.001 0.79 (0.60–1.01) 0.072 0.84 (0.74–0.96) 0.012 0.3 (0.26–0.35) < 0.001

IDLC 1.06 (0.96–1.16) 0.254 1.33 (1.20–1.47) < 0.001 0.86 (0.60–1.19) 0.377 0.89 (0.74–1.06) 0.206 0.57 (0.47–0.68) < 0.001

IDM 0.69 (0.59–0.81) < 0.001 0.79 (0.66–0.94) 0.01 0.98 (0.58–1.57) 0.951 0.79 (0.59–1.04) 0.104 0.71 (0.55–0.91) 0.009

Mucinous 0.47 (0.37–0.59) < 0.001 0.36 (0.26–0.48) < 0.001 1.16 (0.54–2.2) 0.674 0.66 (0.40–1.02) 0.079 1.19 (0.88–1.58) 0.248

Tubular 0.29 (0.09–0.71) 0.018 0.31 (0.08–0.82) 0.046 0 (0.00–0.00) 0.939 0.49 (0.03–2.27) 0.483 0 (0.00–0.00) 0.897

DCM 0.54 (0.37–0.77) 0.001 0.62 (0.40–0.93) 0.026 0.83 (0.20–2.34) 0.766 0.43 (0.18–0.88) 0.037 0.64 (0.33–1.13) 0.150

Other 1.29 (1.20–1.38) < 0.001 1.02 (0.94–1.11) 0.632 1.29 (1.1–1.52) 0.002 1.1 (0.99–1.22) 0.069 1.09 (0.99–1.20) 0.073

AJCC T stage

T1 [Reference] [Reference] [Reference] [Reference] [Reference]

T2 2.42 (2.28–2.58) < 0.001 2.54 (2.36–2.73) < 0.001 1.27 (1.03–1.56) 0.024 1.83 (1.63–2.04) < 0.001 2.24 (2.01–2.5) < 0.001

T3 3.95 (3.67–4.25) < 0.001 3.47 (3.18–3.78) < 0.001 1.47 (1.15–1.87) 0.002 2.15 (1.88–2.46) < 0.001 3.82 (3.37–4.33) < 0.001

T4 7.87 (7.32–8.47) < 0.001 5.43 (4.98–5.92) < 0.001 1.58 (1.27–1.97) < 0.001 2.21 (1.95–2.51) < 0.001 5.99 (5.33–6.74) < 0.001

TX 2.82 (2.60–3.07) < 0.001 2.95 (2.68–3.25) < 0.001 1.63 (1.28–2.07) < 0.001 2.13 (1.85–2.45) < 0.001 2.71 (2.37–3.10) < 0.001

AJCC N stage

N0 [Reference] [Reference] [Reference] [Reference] [Reference]

N1 2.67 (2.54–2.81) < 0.001 2.29 (2.17–2.43) < 0.001 1.19 (1.02–1.38) 0.026 1.59 (1.46–1.73) < 0.001 1.9 (1.75–2.05) < 0.001

N2 3.77 (3.49–4.07) < 0.001 3.19 (2.92–3.48) < 0.001 1.44 (1.15–1.81) 0.002 1.89 (1.66–2.15) < 0.001 2.19 (1.94–2.46) < 0.001

N3 6.33 (5.85–6.85) < 0.001 4.79 (4.38–5.24) < 0.001 1.64 (1.33–2.02) < 0.001 1.92 (1.69–2.17) < 0.001 2.49 (2.22–2.8) < 0.001

NX 3.56 (3.26–3.88) < 0.001 2.51 (2.28–2.77) < 0.001 1.51 (1.23–1.84) < 0.001 1.87 (1.65–2.12) < 0.001 2.07 (1.84–2.33) < 0.001
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TABLE 3 | (Continued)

All metastasis Bone metastasis Brain metastasis Liver metastasis Lung metastasis

Variable OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Metastasis site

1 site [Reference] [Reference] [Reference] [Reference] [Reference]

2 sites NA NA 5.55 (5.2–5.92) < 0.001 6.69 (5.51–8.15) < 0.001 8.45 (7.73–9.24) < 0.001 6.36 (5.90–6.87) < 0.001

3 sites NA NA 9.03 (8.04–10.15) < 0.001 11.2 (9.12–13.8) < 0.001 16.83 (15.1–18.75) < 0.001 12.48 (11.29–13.78) < 0.001

4 sites NA NA 14.76 (10.6–20.89) < 0.001 20.13 (15.87–25.57) < 0.001 37.29 (29.93–46.48) < 0.001 37.41 (29.24–48.07) < 0.001

Molecular subtype

HR+/HER2− [Reference] [Reference] [Reference] [Reference] [Reference]

HR+/HER2+ 1.22 (1.15–1.30) < 0.001 0.94 (0.87–1.01) 0.086 1.6 (1.34–1.91) < 0.001 2.12 (1.93–2.33) < 0.001 1 (0.91–1.10) 0.995

HR−/HER2+ 1.1 (1.01–1.19) 0.030 0.45 (0.40–0.51) < 0.001 2.64 (2.15–3.24) < 0.001 3.21 (2.86–3.60) < 0.001 1.23 (1.09–1.39) 0.001

HR−/HER2− 0.81 (0.75–0.87) < 0.001 0.42 (0.38–0.46) < 0.001 2.58 (2.16–3.07) < 0.001 1.41 (1.26–1.57) < 0.001 1.49 (1.35–1.64) < 0.001

Unknown 0.82 (0.77–0.88) < 0.001 0.68 (0.62–0.73) < 0.001 1.57 (1.31–1.87) < 0.001 1.38 (1.24–1.53) < 0.001 1.13 (1.03–1.25) 0.013

Surgery

Not performed [Reference] [Reference] [Reference] [Reference] [Reference]

Performed 0.03 (0.03–0.03) < 0.001 0.04 (0.04–0.04) < 0.001 0.06 (0.05–0.07) < 0.001 0.14 (0.13–0.15) < 0.001 0.15 (0.14–0.16) < 0.001

Unknown 0.11 (0.09–0.12) < 0.001 0.2 (0.17–0.24) < 0.001 0.3 (0.16–0.52) < 0.001 0.3 (0.23–0.38) < 0.001 0.34 (0.27–0.42) < 0.001

Radiotherapy

Not performed [Reference] [Reference] [Reference] [Reference] [Reference]

Radiotherapy performed 2.76 (2.33–3.27) < 0.001 3.23 (2.66–3.95) < 0.001 3.75 (2.41–6.14) < 0.001 0.76 (0.58–1.02) 0.059 0.73 (0.58–0.92) 0.007

None/unknown 2.28 (1.94–2.69) < 0.001 1.93 (1.59–2.35) < 0.001 0.7 (0.45–1.14) 0.125 1.55 (1.19–2.06) 0.002 1.19 (0.95–1.49) 0.131

Chemotherapy

No/Unknown [Reference] [Reference] [Reference] [Reference] [Reference]

Yes 1.01 (0.96–1.06) 0.656 0.87 (0.82–0.92) < 0.001 0.88 (0.77–1.00) 0.044 1.57 (1.46–1.70) < 0.001 1.16 (1.08–1.24) < 0.001

Note: This table presents the results of multivariable logistic regression analysis examining the relationship between various clinicopathological factors (such as age, race, molecular subtype, and treatment modalities) and the presence of
metastasis at diagnosis. For each metastatic site (bone, brain, liver, and lung), the odds ratios (ORs) and their 95% confidence intervals (CIs) are reported, along with p values for statistical significance. These results were adjusted for
potential confounding variables to ensure the accuracy and reliability of the estimates. OR (95% CI): The odds ratio (OR) reflects the likelihood of a given factor being associated with metastasis at diagnosis. A 95% CI is provided to show
the precision of the OR estimate. The p value indicates the statistical significance of each variable in relation to metastasis presence. A p value of < 0.01 is considered statistically significant.
Marital status and insurance status were also included in multivariate analyses but not shown due to significance.
Abbreviations: CI, confidence interval; DCM, ductal carcinoma, micropapillary; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IDC, infiltrating duct carcinoma; IDLC, infiltrating duct and lobular carcinoma;
IDM, infiltrating duct mixed with other types of carcinomas; LC, lobular carcinoma; Mucinous, mucinous adenocarcinoma; NA, not applicable; NOS, not otherwise specified; OR, odds ratio; Tubular, tubular adenocarcinoma;
+, positive; −, negative.
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prognostic factor in metastatic breast cancer. These findings

underscore the complex interplay between racial factors,

metastatic tendencies, and survival outcomes, emphasizing the

necessity for personalized therapeutic strategies and prognostic

assessments that account for racial distinctions in managing

metastatic breast cancer.

4 | Discussion

Prior literature on this topic can generally be categorized into

two main approaches: the first focuses on analyzing metastasis

patterns and prognosis by isolating individual variables such as

subtype or gender. The second emphasizes the role of molecular

FIGURE 1 | Kaplan–Meier survival curve for patients stratified by the metastasis pattern. Survival curves of four different metastasis patterns for

breast cancer patients of HR+/HER2− (a), HR+/HER2+ (b), HR−/HER2+ (c) as well as HR−/HER2− (d). From (a), for HR+/HER2− breast cancer

patients, within about 30 months of follow‐up, in the order of best to poorest in prognosis, bone metastasis ranked the first, lung metastasis

the second, liver metastasis the third, and brain metastasis the last. From the 30th month to the 60th month, the survival curves of bone

metastasis and lung metastasis tended to coincide. After the 60th month, the survival curve of liver metastases gradually flattened, approaching

bone metastases and lung metastases. After the 80th month, the arrangement of the survival curve order changed: bone metastasis ranked the best,

liver metastasis the second, brain metastasis the third, and lung metastasis the last. However, for patients with HR−/HER2+ breast cancer, the

distribution of the four curves in the Kaplan–Meier plot was relatively more distinct than the HR+/HER2− subtype: the prognosis of bone metastasis

was the best, liver metastasis the second, lung metastasis the third, and brain metastasis the last in all follow‐up time (b).
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subtypes in influencing metastasis distribution and prognosis,

often concentrating on a specific metastatic site in breast can-

cer. Using the SEER dataset from 2010 to 2013, Wang et al. [4]

found that bone metastasis was the most prevalent,

whereas brain metastasis occurred less frequently. Their study

highlighted that the HR+/HER2− subtype was most strongly

associated with metastasis, whereas the HR−/HER2+ subtype

exhibited the lowest metastasis rates. However, their analysis

was limited to the molecular subtypes. Similarly, Xiao et al. [5]

explored metastatic patterns and prognoses through the lens of

subtypes, identifying a strong correlation between HR+/HER2+

and HR−/HER2+ subtypes and an increased risk of metastasis

to the liver, brain, and lungs, whereas the HR−/HER2− subtype

was inversely associated with bone metastasis. Furthermore,

Xie et al. [16] examined metastatic patterns in male breast

cancer (MBC) and compared them with female breast cancer

(FBC), revealing distinct clinicopathological features and

metastatic patterns in metastatic MBC. However, prognostic

outcomes between MBC and FBC patients were similar, despite

a higher incidence of central breast tumors and older age

(≥ 60 years) in MBC patients. Martin et al. [17] focused on the

incidence and prognosis of brain metastases, noting higher

incidence rates among patients with HR−/HER2+ and HR

−/HER2− subtypes. Interestingly, patients with HR+/HER2+

breast cancer had better survival rates, whereas those with HR

−/HER2− had the poorest prognosis. A common limitation

across these studies is their narrow focus on a single metastatic

site or a single variable, which may overlook essential insights

that a more comprehensive, comparative analysis could reveal.

Moreover, none of these studies accounted for the role of

metastasis relapse.

In contrast to most existing literature, our study takes a broader

approach by examining all patterns of distant metastasis in

breast cancer patients at the time of diagnosis, utilizing a

multifaceted analytical perspective supported by a large sample

size. Xiao et al.'s research emphasizes that the impact of age on

metastatic patterns is not uniform across different sites [5]. In

our study, we observed that the impact of age on metastasis

varied significantly depending on the metastatic site. Younger

patients (< 40 years) exhibited a higher incidence of bone

metastasis, which is consistent with previous studies suggesting

that younger women often have higher bone mineral density

and a more active bone microenvironment, providing a favor-

able site for cancer cell growth. Additionally, younger patients

may have higher estrogen levels, which can promote bone

metastasis in hormone receptor‐positive tumors. In contrast,

older patients (> 70 years) showed a higher propensity for lung

metastasis. This could be due to age‐related declines in immune

function and the increased vulnerability of the lungs to meta-

static disease. Furthermore, as the immune system becomes less

efficient with aging, the ability to suppress micrometastases

may be reduced, allowing tumors to establish in distant organs

such as the lungs and liver. Interestingly, the distribution of

metastasis to the brain did not show a significant age‐related

difference, suggesting that brain metastases may be more

closely associated with the tumor's biological characteristics

(e.g., HER2+ or triple‐negative) rather than age. The data

indicate that grade III tumors, which are more common in

younger patients, have a higher tendency to metastasize to

the brain, whereas liver and lung metastases are often more

prevalent in older patients, reflecting the increased systemic

spread and immune system inefficiency in this population.

Notably, younger breast cancer patients seemed predisposed to

a heightened risk of bone metastases, although the variance

failed to achieve statistical significance. As age advanced, the

proclivity for liver metastases diminished, whereas the suscep-

tibility to lung metastases ascended [5]. Pertaining to brain

metastases, individuals within the age bracket of 40–65 years

manifested a more pronounced risk in comparison to other

age cohorts [5]. This alignment of findings mirrors our own:

the influence of age exhibited fluctuations depending on

the metastasis site. Elevated age cohorts demonstrated an

augmented predisposition for lung metastasis, but a reduced

risk for bone and liver metastasis. Age‐related associations with

brain metastasis did not achieve statistical significance. Xie

et al. discerned that, in juxtaposition with non‐metastatic MBC

patients, those with metastatic MBC portrayed distinct clinico-

pathological characteristics and deviated from their metastatic

FBC counterparts. Nonetheless, prognostic outcomes bore no

significant distinctions between metastatic MBC and FBC pa-

tients. In our exploration, non‐metastatic breast cancer female

patients exhibited a more extended survival span compared to

their male counterparts (HR 0.8; 95% CI 0.73–0.87; p< 0.001).

Concerning metastatic patients, our analysis discerned that the

subtype distribution was roughly analogous between genders.

However, male patients presented a diminished composition

ratio of TNBC (1.8%) in contrast to female patients (10.6%),

a finding in concordance with previously cited data [18].

Interestingly, our study revealed that single (unmarried)

patients exhibited an elevated incidence of metastasis.

This observation aligns with prior literature indicating that

unmarried individuals tend to experience poorer survival out-

comes in breast cancer [8]. A potential rationale for this phe-

nomenon might be the heightened susceptibility of unmarried

patients to psychological distress and engagement in detri-

mental habits, stemming from the absence of financial stability

and emotional support often provided by spouses [19, 20].

Remarkably, after neutralizing the stage effect in multivariate

analyses, the heightened metastasis risk resurfaced. However,

when mitigating the effect of subtype, the outcome remained

largely unchanged. This indicates that delayed diagnosis could

be a pivotal determinant of an augmented metastasis risk

among black patients. Furthermore, within the entire sample,

the incidence of bone metastasis for bilateral breast cancer

surpassed that of unilateral cases (57.17% bilateral vs. 3.56%

left). However, among those with metastasis, the lung metas-

tasis incidence for bilateral cancer was relatively diminished in

comparison to unilateral cases (29.27% bilateral vs. 35.53% left).

Distinctively, patients with bilateral breast cancer manifested

inferior survival outcomes compared to their counterparts. Such

an observation might be elucidated by the fact that (1) bilateral

breast cancer patients tend to receive a diagnosis at more

advanced stages than those with unilateral manifestations; and

(2) a significant proportion of apparent bilateral primary tumors

might actually represent metastatic growths from the opposing

side. The reduced metastasis incidence in patients undergoing

surgery, radiotherapy, or chemotherapy is presumably inversely

correlated, as those manifesting overt metastasis may forgo

locoregional treatments. Pertaining to bone metastasis, black
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patients, in contrast to their white counterparts, consistently

demonstrated a significantly diminished OR for manifesting

bone metastasis at diagnosis. There was an absence of disparity

between white and black patients concerning brain and lung

metastasis, a finding incongruent with the conclusions drawn

by Martin et al. [17]. This deviation necessitates further inves-

tigations for elucidation. Our data indicated a predisposition for

patients undergoing chemotherapy to develop liver metastases,

whereas those receiving radiotherapy exhibited a proclivity for

bone metastasis. A plausible explanation for such an occurrence

might be the common clinical practice of prescribing

radiotherapy for bone metastasis and chemotherapy for liver

metastasis.

We observed that uninsured patients exhibited a heightened

proportion of metastatic incidence compared to those insured.

This trend may be attributed to the uninsured cohort's probable

association with an absence of preventative measures, limited

screening, restricted access to healthcare, and diagnostic delays,

culminating in more advanced disease presentations at diag-

nosis [21]. There is a dearth of studies examining metastatic

incidence amongst patients with bilateral breast cancer. Our

findings underscored an elevated metastatic incidence amongst

this demographic. A singular precedent study highlighted that

patients with bilateral breast cancer bore a 1.25‐fold augmented

risk of distant metastasis relative to unilateral cases [22]. Given

the infrequency of bilateral breast cancer, our metastatic inci-

dence results necessitate judicious interpretation.

For all metastatic patterns, we identified that patients with

triple‐negative breast cancer (TNBC) manifested the briefest

survival span, whereas those with HR+/HER2+ exhibited the

most favorable prognosis. Notably, our study pioneers the

observation that metastatic site exhibited negligible impact on

the survival of TNBC patients but displayed pronounced sig-

nificance in HR+/HER2−. There was a discernible decrement

in survival with each successive age decade, which can be

partially attributed to the fact that older individuals might

be predisposed to noncancerous mortality causes. Conversely,

younger patients might be afforded enhanced access to locor-

egional therapeutic modalities, encompassing surgery, radio-

therapy, and chemotherapy, thereby amplifying their survival

prospects [23, 24]. Interestingly, our analysis revealed that pa-

tients with HR+HER2+ demonstrated superior survival relative

to the HR+HER2− subtype, an outcome potentially influenced

by the availability of more precision‐targeted therapeutic regi-

mens. In addition to this, recent studies have provided further

insights into the molecular mechanisms driving metastatic

spread in specific organs. Ganesan et al. [25] demonstrated that

the EGFR‐mediated PI3K/Akt/mTOR signaling pathway plays a

crucial role in promoting lung metastasis in TNBC, highlighting

the potential therapeutic targets for lung metastasis, a site more

common in older patients in our study. Similarly, Zhang et al.

[26] identified as a key regulator of liver metastasis, under-

scoring the importance of circRNAs in regulating liver metas-

tasis in breast cancer. This is particularly relevant given the

increased incidence of liver metastasis in older patients, as

observed in our study. Furthermore, Xie et al. [27] utilized

single‐cell RNA sequencing to map the brain metastasis eco-

system, pinpointing as a promising therapeutic target. Brain

metastasis, which was not significantly age‐dependent in our

study, might benefit from therapies targeting these molecular

markers.

This investigation is not devoid of limitations. (1) Screening

modalities: Given that breast cancer screening guidelines don't

invariably advocate for the employment of the most sensitive

screening modalities, it's plausible that our estimates under-

shoot the actual metastatic rates. (2) Data completeness: The

SEER database does not furnish information on residence type,

educational attainment, median household income, comorbid-

ities, performance status, smoking habits, psychological health,

or pivotal genomic data. These missing factors could influence

the generalizability of our findings, especially when considering

the diversity of factors that affect cancer outcomes. (3) Demo-

graphic representation: The SEER database includes data from

18 cancer registries in the United States, covering approximately

28% of the US population. Although this provides valuable

insights, it may not fully represent the cancer characteristics

of different demographic groups, especially those from non‐US

populations or under‐represented groups. Additionally, the

database relies on self‐reported demographic information,

which could introduce reporting biases, particularly with regard

to race and marital status. (4) Metastatic details and treatment

information: The SEER database does not delineate the precise

metastatic locations, metastatic count, or exhaustive treatment

details. As a result, we were unable to fully explore the com-

plexity of multisite metastasis or the impact of specific therapies

on metastatic spread. (5) De novo metastasis data: This study

exclusively hinged on de novo metastasis data, eschewing data

on relapsed metastatic cancer, and relying solely on overall

survival metrics. The exclusion of relapsed cancer data may

limit the applicability of our findings to patients who experience

later‐stage metastasis following initial treatment. (6) Retro-

spective design and data limitations: As a retrospective cohort

study, this investigation has inherent limitations, including the

inability to establish causal relationships and the potential for

bias in data collection. Although the SEER database provides

valuable population‐level data, its retrospective nature means

that the data were not collected with a specific research

hypothesis in mind, which may limit the ability to control for all

potential confounding factors. Furthermore, the lack of detailed

clinical data (such as treatment regimens, performance status,

or comorbidities) means that the influence of certain con-

founders on metastatic progression and survival outcomes may

not be fully captured. These limitations could impact the gen-

eralizability of our findings, particularly in more specific patient

subgroups, such as those with complex clinical conditions or

those receiving specific treatments not recorded in the SEER

dataset.

The variation in metastatic patterns among different molec-

ular subtypes, such as HR+/HER2+ and HR−/HER2−, con-

tributes critical insights into treatment decisions. Patients

with HR+/HER2+ breast cancer, for example, who are more

likely to develop bone and lung metastases, may benefit from

combination therapies targeting both HER2 receptors and

hormonal pathways. In contrast, those with HR−/HER2−

subtypes, who are more prone to lung and liver metastases,

may require different systemic therapies. These findings

suggest the need for a more patient‐centered approach to

treatment, where the clinical team, including oncologists,
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radiologists, and surgeons, collaborate to develop individual-

ized treatment plans that integrate both systemic and local-

ized therapies based on the patient's specific metastatic

profile. These personalized strategies are not only likely to

improve clinical outcomes but could also help make cancer

care more cost‐effective. By focusing on high‐risk groups,

healthcare systems can allocate resources more efficiently,

avoiding overuse of expensive treatments in lower risk pop-

ulations and improving the management of patients who need

more intensive interventions.

Based on the findings of this study, several important directions

for future research are warranted. (1) Multicenter, prospective

studies: Our study, being retrospective in nature, lays the

foundation for further prospective research. A multicenter, lon-

gitudinal study could help confirm and expand our findings,

particularly in populations outside the United States and those

underrepresented in SEER. This would also allow for a more

detailed exploration of how different geographic regions or

healthcare systems influence metastatic patterns and survival

outcomes. (2) Molecular biomarkers and genomic studies: Given

the role of biological factors in metastatic spread, future studies

should focus on identifying specific molecular biomarkers that

contribute to metastasis. Exploring the genetic and epigenetic

landscape of breast cancer could provide critical insights into the

molecular mechanisms underlying metastatic dissemination and

help identify potential targets for therapeutic intervention. (3)

Relapsed metastatic disease: Our study focused exclusively on de

novo metastatic cases. Future research should include relapsed

metastatic disease, as this patient group may exhibit distinct

metastatic behaviors and survival outcomes. Investigating the

differences between primary and recurrent metastasis could

inform tailored treatment strategies. (4) Impact of specific thera-

pies on metastasis: Further research should explore how specific

treatments (e.g., chemotherapy, radiotherapy, and targeted

therapies) influence metastatic patterns. This could involve ex-

amining the effect of treatments on specific metastatic sites (such

as bone or brain) and evaluating the long‐term outcomes of these

therapies in preventing or controlling metastasis. (5) Age‐related

differences in metastatic patterns: Given the age‐related differ-

ences observed in metastatic patterns, future studies could

investigate the underlying mechanisms driving these differences,

including immune system alterations and hormonal influences.

Specifically, studies comparing metastatic behavior in younger

versus older patients could provide valuable insights into how age

affects metastatic dissemination and response to treatment.

5 | Conclusions

This study provides meaningful insights into the heterogeneous

metastatic patterns of breast cancer, emphasizing the influence

of age and molecular subtype on the distribution and prognosis

of metastatic disease. Our findings highlight the necessity of

adopting a more personalized management to both screening

and treatment. Stratified screening strategies—such as priori-

tizing bone surveillance in younger patients and focusing on

lung and liver assessments in older patients—may facilitate

earlier detection and more effective interventions. Moreover,

treatment plans should be tailored according to the specific

metastatic profiles and tumor biology of each patient.

Personalized therapeutic strategies, including the use of bone‐

targeted agents or localized therapies for brain metastases, can

significantly improve clinical outcomes. These findings support

the implementation of age‐ and subtype‐specific protocols in

managing metastatic breast cancer to optimize patient care and

healthcare resource utilization.
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