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Objective: This study aims to assess the relationship between the Advanced Lung
Cancer Inflammation Index (ALl) and the risk of distant metastasis in breast
cancer. While ALl is commonly used to evaluate the prognosis of lung cancer
patients, its application in breast cancer and its correlation with distant metastasis
are not well understood. Therefore, this study explores the potential of ALl as a
predictor of distant metastasis in breast cancer patients.

Methods: This retrospective study included 348 breast cancer patients, of whom
163 had distant metastasis. Patient demographic information, tumor
characteristics, and ALl values were collected. Multivariate regression analysis
was used to adjust for confounding factors, and dose-response analysis was
performed to investigate the relationship between ALl and the risk of distant
metastasis. The optimal ALl cutoff value was determined, and its predictive
performance was evaluated.

Results: The analysis showed that patients with lower ALl had a significantly
higher risk of distant metastasis. Adjusted multivariate analysis revealed that for
every one interquartile range (IQR) increase in AL, the risk of distant metastasis in
breast cancer decreased by 31% (OR=0.69, 95% Cl| 0.58-0.81). Dose-response
analysis indicated a linear relationship between ALl and metastasis risk. The
optimal ALI cutoff value was identified as 36.39 using the Youden index, with an
area under the ROC curve (AUC) of 0.605, indicating moderate predictive power
of ALI for distant metastasis in breast cancer.

Conclusion: Lower ALl is significantly associated with an increased risk of distant
metastasis in breast cancer. ALl may serve as a valuable predictor of distant
metastasis, offering clinicians a new tool to better identify high-risk patients and
facilitate early intervention. However, further prospective studies are required to
validate its clinical utility.
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Background

Breast cancer is one of the most common malignancies affecting
women worldwide, significantly impacting women’s health. As of
2022, breast cancer ranks second in incidence and fourth in
mortality among cancers globally (1). In China alone, there are
over 410,000 new breast cancer cases and more than 110,000 related
deaths each year (2). According to data from the Surveillance,
Epidemiology, and End Results (SEER) program, the 5-year survival
rate for stage IV breast cancer in the U.S. is approximately 32% (3).
In developing and underdeveloped countries, survival rates for
metastatic breast cancer are even lower. In sub-Saharan Africa,
according to the most recent multi-country population-based
registry study in 2021, 20.8% of breast cancer patients had distant
metastasis at diagnosis, approximately 46.4% of patients were
diagnosed with locally advanced or metastatic disease, and the 5-
year survival rate for metastatic breast cancer patients was less than
25% (4). Gagate et al. predict that by 2030, there will be an estimated
246,194 cases of metastatic breast cancer in the U.S., a 54.8%
increase from the 158,997 cases estimated in 2015 (5). This rising
trend underscores the importance of addressing metastatic
breast cancer.

Most studies agree that metastatic breast cancer leads to poorer
prognoses and higher medical costs, though diagnostic rates for
metastatic breast cancer vary by region. In the U.S., stage IV breast
cancer accounts for 6-10% of all breast cancer diagnoses, while in
developing and underdeveloped regions, deaths from stage IV
breast cancer pose an even more severe public health threat. In
developed countries, delayed diagnoses mainly affect younger
women, who may be at lower suspicion for cancer, and rural
women, who may have less access to healthcare. In
underdeveloped countries, however, delayed diagnoses affect
women of all ages (6).

Currently, the gold standard for diagnosing breast cancer with
distant metastasis is pathological examination. However, in
practice, imaging techniques are often used to diagnose distant
metastasis in breast cancer, including planar bone scintigraphy
(BS), SPECT bone scans, CT, and conventional MRI. The use of
hybrid imaging techniques, such as PET-CT and PET-MRY, is also
increasing (7). Compared to imaging, laboratory tests offer the
advantages of lower cost, greater accessibility, and the absence of
radiation exposure. However, there is no standardized laboratory
test for metastatic breast cancer. Traditional lab tests include tumor
markers such as carcinoembryonic antigen (CEA), CA125 (8), and
CA153 (9), and elevated blood calcium and alkaline phosphatase
levels may also indicate distant metastasis (10). Another study
showed that serum CK-MB (creatine kinase-MB, traditionally
used as a cardiac biomarker) activity increases in multiple
cancers, including breast cancer, with significantly higher serum
CK-MB levels in patients with metastatic tumors compared to those
with primary tumors (11). While CK-MB is not routinely used in
clinical practice for breast cancer metastasis detection, this finding
exemplifies how various laboratory parameters beyond
conventional tumor markers might provide additional
diagnostic insights.
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These markers suggest that laboratory indicators may be able to
more accurately identify breast cancer patients at risk for distant
metastasis without relying on expensive imaging tests. This could
help address disparities in healthcare access and enable more
personalized treatment.

The Advanced Lung Cancer Inflammation Index (ALI),
calculated as Body Mass Index (kg/m?) x Serum Albumin (g/dL)/
Neutrophil-to-Lymphocyte Ratio, has been identified as a strong
prognostic marker for overall survival in lung cancer patients (12).
Despite its name suggesting lung cancer specificity, ALI integrates
nutritional status (BMI and albumin) and systemic inflammation
(neutrophil-to-lymphocyte ratio), making it potentially applicable
across various cancer types. In a single-center study, Jafri et al.
found that an ALI <18 at diagnosis was an independent predictor of
poor outcomes in patients with advanced non-small cell lung cancer
(NSCLC) (13). He et al. studied the relationship between ALI and
small cell lung cancer prognosis, concluding that lower ALI was
significantly associated with worse overall survival (OS) in these
patients. Assessing ALI can help identify patients with poor
prognosis, making it a useful biomarker in clinical practice (14).
Similar results have been found in other cancer types. In a meta-
analysis, Hua et al. demonstrated a statistically significant
association between low ALI and worse OS across various cancer
types (HR =170, 95% CI = 1.41-1.99, P < 0.001). Subgroup analyses
showed that ALI had significant prognostic value in non-small cell
lung cancer, small cell lung cancer, colorectal cancer, head and neck
squamous cell carcinoma, and diffuse large B-cell lymphoma (15).

However, the direct association between ALI and breast cancer
remains unclear, particularly in terms of its diagnostic significance.
This study, based on real-world data, examines ALI as both a
continuous and categorical variable, uses multivariate analysis to
control for confounding factors, and performs stratified
comparisons. The objective is to evaluate the potential of ALI in
predicting the risk of distant metastasis in breast cancer patients.

Ultimately, our goal is to stratify the risk of distant metastasis in
breast cancer patients. This would assist clinicians, especially breast
cancer specialists in primary care, in making informed decisions,
reducing unnecessary medical interventions, and significantly
improving patients” quality of life.

Materials and methods
Participants

This retrospective study utilized data that was approved by the
institutional review boards at our center. All methods were
performed in accordance with the relevant guidelines and
regulations. The inclusion criteria were: (1) a confirmed diagnosis
of primary breast cancer, with or without distant metastasis beyond
axillary lymph nodes; (2) completion of clinical blood marker tests
prior to treatment (radiotherapy, chemotherapy) or surgical
resection; (3) normal growth and development, with no history of
rickets, acromegaly/gigantism, or acute/chronic kidney disease or
inflammation; (4) no history of abnormal liver function or blood
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test results; (5) no other primary cancers. Exclusion criteria
included: (1) distant metastasis occurring after treatment (surgical
resection or chemotherapy); (2) lack of liver function or blood test
results in clinical blood markers; (3) age under 18 years; (4) inability
to obtain height and weight measurements due to bedridden
conditions or other reasons; (5) presence of distant metastasis
that could not be clinically confirmed; (6) patients with active
autoimmune diseases (including but not limited to rheumatoid
arthritis, systemic lupus erythematosus, inflammatory bowel
disease, or other conditions requiring immunosuppressive
therapy) that could affect inflammatory markers. The study
included 348 breast cancer cases, with 185 diagnosed as non-
metastatic and 163 as metastatic. Baseline characteristics of the
study population are detailed in Table 1.

All patients underwent pathological examinations before
treatment, including biopsy and partial resection biopsy,
confirming invasive breast cancer. Distant metastasis was
confirmed through whole-body computed tomography, magnetic
resonance imaging, positron emission tomography-computed
tomography, or pathological biopsy. Data on demographics, basic
clinical and pathological information, body measurements,
complete blood count, and serum albumin levels at diagnosis
were extracted from patient medical records. ALI was calculated
using the formula: ALI = Body Mass Index (kg/m?) * Serum
Albumin (g/dL)/Neutrophil-to-Lymphocyte Ratio (16).

Laboratory analysis

Blood sample collection

All venous blood samples were collected in the early morning
after an overnight fast of at least 8 hours by trained nurses following
standardized phlebotomy procedures to minimize pre-analytical
variability. Two types of blood samples were collected from each
participant: EDTA anticoagulated whole blood for complete blood
count analysis and serum samples for albumin measurement.

Laboratory methods

Complete blood count, including neutrophil and lymphocyte
counts, was performed using the Mindray CAL8000plus automated
hematology pipeline system (Mindray, Shenzhen, China). All
samples were processed within 2 hours of collection to ensure
sample integrity. Serum albumin concentration was measured using
the Siemens ADVIA Chemistry XPT automated biochemistry
analyzer (Siemens Healthineers, Germany).

For serum preparation, blood samples were collected in red-cap
tubes without anticoagulant and allowed to clot at room temperature
for 30 minutes. Serum was separated by centrifugation at 3,000 rpm
for 10 minutes and stored at -80°C until analysis.

Quality control

The laboratory adhered to the quality control system
established by the National Center for Clinical Laboratories
(NCCL). Daily instrument calibration was performed using
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TABLE 1 Characteristics of the participants at baseline.

Group
Characteristic Non-distant Distant P value
EeNENN EENENS
(N = 163)
Age (years),Mean + SD 47 +9 51+ 11 0.003
Education, n (%) 0.002
Primary School 22 (11.9%) 33 (20.2%)
Middle School 36 (19.5%) 43 (26.4%)
High School 23 (12.4%) 13 (8.0%)
Undergraduate 53 (28.6%) 22 (13.5%)
Others 51 (27.6%) 52 (31.9%)
Insurance, n (%) 0.007
No 34 (18.4%) 50 (30.7%)
Yes 151 (81.6%) 113 (69.3%)
Hypertension, n (%) 0.006
No 171 (92.4%) 135 (82.8%)
Yes 14 (7.6%) 28 (17.2%)
Diabetes, n (%) 0.671
No 174 (94.1%) 155 (95.1%)
Yes 11 (5.9%) 8 (4.9%)
Marital_status, n (%) 0.093
Married 171 (92.4%) 149 (91.4%)
Unmarried 12 (6.5%) 6 (3.7%)
Widow 1 (0.5%) 6 (3.7%)
Divorced 1 (0.5%) 2 (1.2%)
Location, n (%) 0.002
Village 69 (37.3%) 88 (54.0%)
City 116 (62.7%) 75 (46.0%)
Menstrual status, n (%) 0.003
Postmenopausal 73 (39.5%) 90 (55.2%)
Premenopausal 112 (60.5%) 73 (44.8%)
Pathological type, n (%) 0.695
Z;’:ii‘::n‘i”“al 175 (94.6%) 152 (93.3%)
;Zl‘)lzf:;ecarcinoma 4 (2.2%) 6 (3.7%)
Others 6 (3.2%) 5 (3.1%)
Histological grade, n (%) 0.973
ilg‘:izﬁ’)’ 145 (78.4%) 128 (78.5%)
3 (Poorly differentiated) 40 (21.6%) 35 (21.5%)
(Continued)
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TABLE 1 Continued

Group
Characteristic Non-distant Distant P value
(MEENEN (EENEN
(N = 185) (N = 163)
Subtype, n (%) <0.001
HR+/HER2- 56 (30.3%) 89 (54.6%)
HR+/HER2+ 57 (30.8%) 35 (21.5%)
HR-/HER2- 39 (21.1%) 10 (6.1%)
HR-/HER2+ 33 (17.8%) 29 (17.8%)
Albumin (g/dl),
4.07 + 0.54 3.88 + 0.44 <0.001
Mean + SD
Neutrophil (1079/1),
4.03 + 1.55 4.53 +2.80 0.046
Mean + SD
Lymph, 1079/1),
ymphocyte (1019/1) 1.88 + 0.58 1.84 £ 0.73 0.605
Mean + SD
BMI, Mean + SD 238 +32 229 +33 0.018
ALI Mean + SD 50 + 25 43 +25 0.005
Quartiles of ALL n (%) 0.002
Q1 31 (16.8%) 56 (34.4%)
Q2 51 (27.6%) 36 (22.1%)
Q3 49 (26.5%) 38 (23.3%)
Q4 54 (29.2%) 33 (20.2%)

ALI advanced lung cancer inflammation index; BMI, body mass index.

manufacturer-provided controls, and internal quality control
samples were analyzed to ensure measurement accuracy and
precision. Unified reagent batches were used throughout the
study period to minimize inter-assay variability. All analyses were
performed in the same central laboratory using identical
instruments and standardized protocols to ensure consistency
across the entire cohort.

Statistical analysis

Statistical analyses were conducted using R 4.3.3 and SPSS 25.
Continuous variables with normal distribution were expressed as
means and standard deviations, while categorical variables were
expressed as percentages. Independent two-sample t-tests were used
for continuous variables with normal distribution, and chi-square
tests were used for categorical variables and quartile groups (Q1,
Q2, Q3, and Q4) to compare baseline characteristics and incidence
rates between breast cancer patients with and without distant
metastasis. Three logistic regression models estimated the odds
ratios (OR) and 95% confidence intervals (CI) for ALI as a
continuous variable (ALI per IQR) or categorical variable
(quartiles). These models explored the relationship between ALI
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and distant metastasis in breast cancer: the unadjusted model
(Model 1); the model adjusted for age, education, insurance,
hypertension, diabetes, marital status, residence, and menstrual
status (Model 2); and the model further adjusted for age,
education, insurance, hypertension, diabetes, marital status,
residence, menstrual status, pathological type, histological grade,
and molecular subtype (Model 3). Results were presented as odds
ratios (OR) with 95% confidence intervals (CI). Additionally,
restricted cubic spline functions were used to visualize the dose-
response relationship between ALI and the risk of distant metastasis
in breast cancer. Segmental logistic regression was used for
threshold effect analysis. The receiver operating characteristic
(ROC) curve was used to assess the predictive ability of ALI for
distant metastasis risk, and the “additive” method determined the
optimal cutoff point. Interaction analyses using the product term
[ALI x (interaction term)] were performed to determine how
different subgroups influenced the relationship between ALI and
distant metastasis in breast cancer.

Results
Baseline characteristics

Table 1 provides important insights into the demographic and
clinical characteristics of the study participants. The results revealed
a significant age difference between non-metastatic breast cancer
(47 £ 9 years) and metastatic breast cancer (51 + 11 years) patients,
with a p-value of 0.003. Significant differences were also observed
between the two groups in education level, insurance status,
residence, menstrual status, and breast cancer molecular subtype.
Regarding comorbidities, the prevalence of hypertension was higher
in patients with metastatic breast cancer (p=0.006). Additionally,
significant differences were found between the two groups in BMI,
neutrophil levels, serum albumin levels, neutrophil-to-lymphocyte
ratio, and ALI (p<0.05). When ALI was categorized into quartiles
(Q1-Q4), its distribution between the two groups was inversely
related (Figure 1), with a p-value of 0.002. These findings suggest
that ALI may play a role in distinguishing between the two groups.

Dose-response relationship

Table 2 shows the incremental ratio of ALI relative to IQR and
the association between ALI quartiles and the risk of distant
metastasis in breast cancer. Three models were constructed to
examine the relationship between ALI and distant metastasis in
breast cancer. When ALI per IQR was used as a continuous variable,
Models 1, 2, and 3 indicated that the risk of distant metastasis
decreased as ALI per IQR increased. When ALI quartiles were used
as categorical variables, the risk of distant metastasis decreased with
higher ALI quartiles (p for trend=0.003). After adjusting for age,
education, insurance, hypertension, diabetes, marital status,
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FIGURE 1

Distribution of Advanced Lung Cancer Inflammation Index (ALI) quartiles in breast cancer patients with and without distant metastasis, represented in
a stacked bar chart. Q1, first quartiles of ALI; Q2, second quartiles of ALI; Q3, third quartiles of ALI; Q4 fourth quartiles of ALI.

residence, menstrual status, pathological type, histological grade,
and molecular subtype, the highest ALI quartile (Q4) had the lowest
risk of distant metastasis (OR, 0.28, 95% CI, 0.14-0.57, P<0.001) in
Model 3.

Figure 2 illustrates the dose-response relationship between ALI
and the risk of distant metastasis in breast cancer. Restricted cubic
spline regression revealed a linear relationship between ALI and the
risk of distant metastasis (non-linearity P=0.064). Segmental logistic
regression further analyzed the threshold effect of ALI on distant
metastasis (Table 3). When ALI < 44, the risk of distant metastasis
decreased with increasing ALI (OR, 0.93, 95% CI, 0.90-0.96,
P<0.001); however, when ALI > 44, the association between ALI
and distant metastasis was not statistically significant.

When using ALI alone to predict distant metastasis in breast
cancer, the AUC value of ALI was 0.605 (Figure 3A). The model
showed optimal diagnostic performance when the Youden index
was highest, with the best cutoff value at 36.39 (Figure 3B). Detailed
parameters are provided in Table 4.

TABLE 2 Association of ALl with the risk of Distant metastatic breast cancer.

Model 1

Variable OR (95% ClI)

P value

Model 2
OR (95% Cl)

Stratified analysis

To understand whether the effect of ALI on the risk of distant
metastasis in breast cancer varies across different subgroups,
participants were stratified by characteristics. The results
indicated that, after adjusting for all confounding factors, the
impact of ALI on distant metastasis risk was consistent across
different subgroups. No significant interactions were found between
ALI and insurance status, residence, menstrual status, histological
grade, or breast cancer molecular subtype (Figure 4).

Discussion

Our baseline data reveal that patients with metastatic breast
cancer tend to be older, less educated, less likely to have insurance,
more frequently reside in rural areas, are more likely to be
postmenopausal, and have a higher prevalence of hypertension and

Model 3
OR (95% Cl)

ALI per IQR 0.72 (0.56, 0.90) 0.007 0.71 (0.55, 0.91) 0.008 0.69 (0.52, 0.89) 0.005
Quartiles of ALI

Q1 Ref Ref Ref

Q2 0.39 (0.21,0.72) 0.003 0.38 (0.19, 0.72) 0.004 0.34 (0.17, 0.68) 0.003
Q3 0.43 (0.23, 0.79) 0.007 0.47 (0.24, 0.91) 0.025 0.42 (0.20, 0.83) 0.014
Q4 0.34 (0.18, 0.62) <0.001 0.32 (0.16, 0.63) <0.001 0.28 (0.14, 0.57) <0.001
p for trend 0.002 0.004 0.003

Model 1 was crude model. Model 2 was adjusted for age, education, insurance, hypertension, diabetes, marital status, location, and menstrual status. Model 3 was adjusted for age, education,
insurance, hypertension, diabetes, marital status, location, menstrual status, pathological type, histological grade and subtype.

Key Finding: Higher ALI quartiles are associated with a progressively lower risk of distant metastasis, with the highest quartile (Q4) showing a 72% risk reduction compared to the lowest quartile
(Q1) in the fully adjusted model. ALI, advanced lung cancer inflammation index; IQR, interquartile range.
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FIGURE 2

Association between the Advanced Lung Cancer Inflammation Index (ALI) and distant metastatic breast cancer using the Restricted Cubic Spline
function. The model includes three knots positioned at the 10th, 50th, and 90th percentiles of ALI. The Y-axis represents the odds ratio (OR) for the
presence of distant metastatic breast cancer at any given ALl value, relative to the reference value (50th percentile) of ALI. The logistic regression
model was adjusted for age, education, insurance, hypertension, diabetes, marital status, geographic location, menstrual status, pathological type,

histological grade, and subtype.

HR+/HER2- subtype. This study is the first to systematically
investigate the relationship between ALI (Albumin-to-Lymphocyte
Ratio) and metastatic breast cancer. Our findings indicate a
significant association between lower ALI and the presence of
distant metastases in breast cancer. After adjusting for confounding
factors, each interquartile range (IQR) increase in ALI was associated
with a 31% reduced risk of distant metastasis (OR, 0.69; 95% CI, 0.52-
0.80). Dose-response analysis revealed a linear relationship between
ALT and the risk of distant metastasis, with an optimal cutoff value of
36.39 and an AUC of 0.605. Stratified analysis showed that the
relationship between ALI and distant metastasis was consistent across
subgroups defined by insurance status, region, menopausal status,
histological type, and molecular subtype.

When considering only the impact of Body Mass Index on
distant metastasis, Mazzarella et al. found that obesity was
significantly associated with poorer overall survival and increased
incidence of distant metastases in ER-/HER2+ breast cancer (17). The
promoting effect of obesity on metastasis is determined by tumor cells
in the primary tumor rather than the microenvironment of secondary
sites (18). However, in patients with diagnosed metastatic breast
cancer, overweight and obesity are independent predictors of better
overall survival in patients with good physical status. Higher BMI
may help identify metastatic patients with superior survival outcomes

TABLE 3 Effect of ALI Level on Group: Adjusted Odds Ratios from
Segmented Logistic Regression Analysis.

Characteristic OR 95% CI P value
ALI (< 44) 0.93 ‘ (0.90, 0.96) <0.001
ALI (> 44) 0.99 (0.98, 1.01) ‘ 03

ORs were adjusted for age, education, insurance, hypertension, diabetes, marital status,
location, menstrual status, pathological type, histological grade and subtype.
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(19, 20). The relationship between BMI and metastatic breast cancer
at diagnosis is less clear. In our study, patients with distant metastases
had lower BMI (p=0.018), which may be related to the higher energy
demands of tumors with high malignancy potential. Additionally,
more metastatic sites indicate a higher tumor burden. During cancer
progression, tumors can reprogram host physiology, metabolism, and
immune responses. Tumor-derived soluble factors, exosomes, and
metabolites cause systemic changes in distant organs, facilitating
metastasis and growth of cancer cells. These tumor-derived
circulating factors can profoundly affect tissues with minimal
metastatic cell habitation, such as skeletal muscle and adipose
tissue. Indeed, many metastatic cancer patients develop a cachexia
syndrome, characterized by muscle wasting and weakness (21).
Studies have shown that lower serum albumin levels are associated
with poorer survival rates in breast cancer and various cancers (22).
Research on metastatic breast cancer has also identified low albumin
levels as a predictor of metastasis at diagnosis (23). Our study found
that metastatic breast cancer patients had lower serum albumin levels
(p<0.001), consistent with previous findings. This may be attributed
to decreased appetite, inadequate nutritional intake, and high tumor-
related energy consumption in advanced cancer patients.
Additionally, metastasis-induced systemic inflammation increases
vascular permeability, leading to albumin leakage and breakdown.
Elevated neutrophil counts in patients with metastatic breast cancer
(p=0.046) are noteworthy. Studies suggest that high neutrophil
counts may promote distant metastasis by enhancing angiogenesis,
vascular remodeling, and tumor cell migration through protease-
mediated extracellular matrix (ECM) and basement membrane
degradation (24). Furthermore, high neutrophil counts and low
serum albumin levels indicate poorer prognosis in metastatic breast
cancer (25). Unlike previous research, our study integrates these
variables to assess AL a variable not extensively studied in breast
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Receiver Operating Characteristic (ROC) curve for the Advanced Lung Cancer Inflammation Index (ALI) in predicting distant metastatic breast cancer
(A). The relationship between the cutpoint and the Youden index in the study. Optimal cutpoint (36.39) calculated based on the maximum Youden

index (0.209) (B).

cancer. We demonstrated the significant predictive value of ALI for
distant metastasis and confirmed its robustness across different
cancer types.

In the past decade, metastatic breast cancer has imposed a
significant economic burden, with 561,334 global deaths in 2015,
most due to metastatic disease. By 2030, the mortality rate is
expected to rise to 805,116 annually, representing a 43% increase
in absolute deaths (26). Commercial surveys indicate that nearly
two-thirds of breast cancer patients in China are diagnosed with
advanced disease. In contrast, 60% of women in the US present with
local stage I and II disease, 33% with regional stage III, and only 5%
with stage IV disease. For newly diagnosed breast cancer, prolonged
waiting times before initiating treatment impact prognosis,
especially if delays result in stage progression and disease
worsening or lead to more treatment complications (27).
Currently, the identification and diagnosis of distant metastasis
primarily rely on imaging techniques such as X-rays, bone
scintigraphy, computed tomography (CT), magnetic resonance
imaging (MRI), and positron emission tomography-computed
tomography (PET-CT). X-ray is the most commonly used and
cost-effective method but has lower sensitivity and may miss early
metastases (28). Other imaging methods face issues such as uneven
medical resource distribution (29), limited equipment availability,
and high costs (30). Even in developed regions, excessive testing
without prior evaluation can lead to longer hospital stays and
increased costs (31). Thus, finding and studying new predictors
for distant metastasis in breast cancer is crucial, especially in

underdeveloped areas. Our study is the first to identify different
quartile distributions of ALI between breast cancer patients with
and without distant metastases. When ALI is treated as a categorical
variable, after adjusting for confounding factors, we found that the
fourth quartile group (Q4) had the lowest probability of distant
metastasis (OR, 0.28; 95% CI, 0.14-0.27). Stratified analyses
confirmed the consistent role of ALI in identifying distant
metastasis across various populations.

The prognostic relationship between ALI and lung cancer has been
established. Research on applying ALI to other cancers is gaining
traction. In colorectal cancer, Kusunoki et al. identified the advanced
lung cancer index as a useful prognostic indicator for patients
undergoing colorectal cancer surgery (32). In gastric cancer,
preoperative ALI was an independent prognostic factor for patients
undergoing radical gastrectomy (33). Similarly, higher ALI has been
significantly associated with better prognosis in patients with advanced
pancreatic cancer undergoing concurrent chemoradiotherapy (34). ALI
also provides significant predictive value for patients with metastatic
melanoma receiving immunotherapy as second-line treatment (35).
Tsai found ALI to be a promising prognostic biomarker for patients
with oral squamous cell carcinoma undergoing initial surgery;
additionally, ALI-based nomograms may be useful for individualized
OS and DFS estimates (36). Despite limited studies on ALI and breast
cancer, we are the first to explore its dose-response relationship with
the risk of distant metastasis in breast cancer as a continuous variable.
We developed three models to adjust for 11 factors (age, education,
insurance, hypertension, diabetes, marital status, location, menstrual

TABLE 4 Optimal cutpoint calculated based on the maximum Youden index.

Cutpoint

Metric score: youden Sensitivity

Specificity PPV Accuracy

0.605 36.39 0.209

AUC, Area Under the Curve; PPV, Positive Predictive Value; NPV, Negative Predictive Value.
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Subgroup N Adjusted OR (95% CI)* P value P for interaction
Overall 348 —e-i 0.99 (0.98, 1.00) 0.005
Insurance . 0.218
No 84 —0—! 0.97 (0.94, 1.00) 0.031
Yes 264 —e- 0.99 (0.98, 1.00) 0.041

Location i 0.259
Villige 157 —— E 0.98 (0.96, 0.99) 0.005
City 191 »O—E 0.98 (0.97,1.00) 0.041

Menstrual status E 0.066
Postmenopausal 163 '-0-5 0.99 (0.98, 1.00) 0.088
Premenopausal 185 —— E 0.97 (0.95, 0.99) 0.003

Histological grade i 0.451
2 273 '—0—5 0.99 (0.97, 1.00) 0.013
3 75 —_———— E 0.96 (0.92,0.99) 0.019

Subtype 0.347
HR+/HER2- 145 = 0.98 (0.97, 1.00) 0.031
HR+/HER2+ 92 —e— 0.98 (0.95, 1.00) 0.057
HR-/HER2- 49 —G—i 0.94 (0.89, 1.00) 0.063
HR-/HER2+ 62 -—+—~ 1.00 (0.96, 1.03) 0.816

09 i
FIGURE 4

Forest plot of stratified analysis of the association of Advanced Lung Cancer Inflammation Index with the risk of distant metastatic breast cancer.
*Adjusted for age, education, insurance, hypertension, diabetes, marital status, location, menstrual status, pathological type, histological grade and
subtype. Histological grade: 2, Moderately differentiated; 3, Poorly differentiated. OR, odds ratio; Cl, confidence intervals.

status, pathological type, histological grade, and subtype), ensuring the
reliability and validity of our findings. We conducted stratified analyses
to explore differences in the association between ALI and distant
metastasis across multiple subgroups.

Our study has limitations. First, although we adjusted for multiple
covariates, other potential confounders such as socioeconomic status
and dietary habits may still affect the results. Second, the single-center
design with a relatively small sample size necessitates further research
to generalize our findings to the broader population. Lastly, due to
insufficient follow-up time, we were unable to include prognostic data
in this study. Future research should further investigate the impact of
ALI on prognosis.

Conclusion

Our study found a linear negative correlation between ALI and
distant metastasis in breast cancer patients after adjusting for
potential confounding factors. Future research, including
randomized controlled trials or cohort studies, is urgently needed
to validate these findings and provide more robust evidence for
disease diagnosis.
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