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Objective: This study aimed to identify the risk factors for Bone Metastases (BM) in patients with non-small cell lung cancer
(NSCLC) and develop a scoring system combining the systemic inflammatory response index (SIRI) and prognostic nutritional index
(PNI) to predict subsequent bone metastases in patients with NSCLC.

Methods: A retrospective analysis of patients with NSCLC treated at our hospital between February 2019 and January 2025 was
conducted. Based on the occurrence of BM during follow-up, patients were stratified into the BM or the non-BM group. After their
preoperative SIRI and PNI values were calculated, receiver operating characteristic (ROC) curve analysis was used to determine the optimal
cut-off values for SIRI and PNI, which were used to establish the SIRI-PNI scoring system. The SIRI-PNI scores were compared between
the groups, and univariate and multivariate logistic regression analyses were performed to identify factors influencing BM development.
Results: Among the 418 patients included with a mean follow-up of 11.91 + 0.88 months (range: 9—14 months), 142 were diagnosed
with BM (33.97%). ROC analysis determined an optimal threshold of 539.0 for the SIRI (area under the curve [AUC] = 0.877; 95%
confidence interval [CI]: 0.807-0.947) and 44.8 for the PNI (AUC = 0.801; 95% CI: 0.689-0.912). An SIRI-PNI scoring system was
established, with scores ranging from 0 to 2. Clinical stage, lymph node metastasis, and SIRI-PNI score significantly differed between
the BM and non-BM groups (P < 0.05). Multivariate analysis identified clinical stage IV (odds ratio = 11.91, P < 0.0001) and a SIRI-
PNI score of 2 (P < 0.0001) as independent risk factors for BM.

Conclusion: Advanced clinical stage (IV) and a high SIRI-PNI score (2 points) are significant prognostic indicators for BM
development in patients with NSCLC. The preoperative SIRI-PNI scoring system may facilitate early identification of high-risk patients.

Plain Language Summary:

® Bone Metastases (BM) are a frequent and debilitating complication of lung cancer, leading to skeletal-related events that severely
compromise patient prognosis and quality of life. Early identification of high-risk individuals remains a clinical challenge, as
current diagnostic methods are often resource-intensive and employed after symptomatic presentation.

e This study investigated the utility of a simple scoring system based on the systemic inflammatory response index (SIRI) and the
prognostic nutritional index (PNI), both of which are derived from routine blood parameters, to predict the risk of subsequent BM
in patients with non-small cell lung cancer (NSCLC).

® Analysis of 418 patients demonstrated that the combined SIRI and PNI score effectively stratified BM risk. Multivariate analysis
identified advanced clinical stage (IV) and a high SIRI-PNI score as significant independent predictors of BM development.

® The proposed SIRI-PNI scoring system offers a readily accessible, non-invasive tool for the early risk stratification of patients with
NSCLC. Its implementation could facilitate timely intervention strategies, such as enhanced surveillance or prophylactic bone-
targeting therapy, to mitigate BM-related morbidity and improve clinical outcomes.
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Introduction

Lung cancer remains the leading cause of cancer-related mortality worldwide and a major global health burden. Recent
epidemiological studies indicate that both the incidence and mortality of lung cancer remain high despite advances in
screening and treatment strategies. Lung cancer accounts for a substantial proportion of global cancer-related deaths and
imposes significant challenges on healthcare systems worldwide."” In China, lung cancer has the highest incidence
among all cancers, and its rate continues to rise.'> Among lung cancer subtypes, non-small cell lung cancer (NSCLC)
accounts for approximately 85% of all cases. Patients with NSCLC often exhibit no specific symptoms in the early
stages, and the risk of distant metastasis increases as the disease progresses.

Approximately 30-40% of patients with lung cancer develop bone metastases, making it one of the most frequent
sites of distant spread.* Bone Metastases (BM) is associated with a poor prognosis, with a median survival of
approximately 6-10 months after diagnosis. BM frequently leads to skeletal-related events, including bone pain,
pathological fractures, and impaired mobility, which significantly reduce quality of life and survival.” Therefore, early
identification of patients at high risk for BM is crucial for improving clinical management and prognosis in lung
cancer.®”’

Currently, whole-body bone scintigraphy is a common clinical tool for diagnosing BM. However, its use is limited by
high cost, significant radiation exposure, and limited accessibility. Consequently, there is considerable clinical value in
identifying a low-cost, non-invasive predictive method or biomarker for early detection of BM in lung cancer. Peripheral
blood inflammatory markers, such as neutrophil and lymphocyte counts, have established prognostic significance in
various malignancies, including gastric cancer® and gallbladder cancer.” The systemic inflammatory response index
(SIRI) is a hematological biomarker used to assess a patient’s inflammatory status, while the prognostic nutritional index
(PNI) evaluates nutritional status and prognosis.'® ' Recent studies confirm that both indices are closely associated with
disease progression, metastasis, and prognosis in various cancers.'*'> However, their role in predicting subsequent BM
in lung cancer patients remains unexplored. To fill this research gap, this study investigated the clinical utility of
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a combined SIRI-PNI scoring system in predicting subsequent BM in patients with NSCLC to provide insights for BM
prevention and management.

Materials and Methods

Study Design and Participants

This retrospective study enrolled patients diagnosed with NSCLC who received treatment at Beijing Chest Hospital
between February 2019 and January 2025. The inclusion criteria were (1) diagnosis of NSCLC confirmed by biopsy or
pathological examination, (2) initial consultation with no prior anti-tumor therapy, (3) availability of complete clinical
data, and (4) ability to participate in follow-up. The exclusion criteria were (1) concomitant autoimmune diseases, (2)
recent acute or chronic infectious diseases, (3) prior anti-tumor treatment, (4) presence of BM at initial diagnosis, (5)
incomplete follow-up or clinical data, and (6) conditions that could significantly affect systemic inflammatory or
nutritional status, such as acute infections, autoimmune diseases, or other severe inflammatory conditions. Ethical
approval for this study was obtained from the Beijing Chest Hospital Ethics Committee (Ethical Approval No. BJIXK-
2025-KY-31). All patients provided written informed consent.

Data Collection

Demographic and clinical data, including sex, age, smoking history, histological type, clinical stage according to the 8th
edition of the American Joint Committee on Cancer Staging Manual, tumor location, and lymph node metastasis status,
were collected from electronic medical records. The clinical records were reviewed to identify potential conditions that
could influence systemic inflammatory or nutritional indicators, such as acute infections or autoimmune diseases. Patients
with one or more of these conditions identified during baseline evaluation were excluded from the study. All patients
underwent imaging evaluation, including bone scintigraphy, positron emission tomography-computed tomography (PET-
CT), computed tomography (CT), or magnetic resonance imaging (MRI), according to clinical guidelines to exclude pre-
existing Bone Metastases.

Laboratory Measurements and Index Calculation

Within 1 week before surgery (or before initial systemic treatment for inoperable cases), peripheral venous blood was
collected from all patients after an overnight fast. An automatic blood analyzer (Sysmex, Kobe, Japan) was used to measure
neutrophil, lymphocyte, and platelet counts. Serum albumin level was measured using standard biochemical methods.

The SIRI was calculated as SIRI = NEUT (x10°/L) x PLT (x10°/L) / LY (x10°/L).'¢
The PNI was calculated as PNI = ALB (g/L) + 5 x LY (x10%/L)."”

Follow-up and Definition of Bone Metastases

All patients were followed up via outpatient visits and telephone interviews. The follow-up cut-off date was October 1,
2025, and the endpoint was the first diagnosis of BM during follow-up. BM was diagnosed according to relevant
guidelines'® if any of the following criteria were met: (1) positive findings on bone imaging (bone scan, PET-CT, or CT);
(2) pathological confirmation of BM via bone biopsy; or (3) suggestive findings of bone destruction on CT or MRI with
exclusion of other benign bone diseases.

Establishment of the SIRI-PNI Scoring System
Receiver operating characteristic (ROC) curve analysis was performed to determine the optimal cut-off values for SIRI
and PNI. Based on these cut-offs, a composite SIRI-PNI scoring system ranging from 0 to 2 was established to indicate
the following:

0 points: SIRI below the cut-off AND PNI above the cut-off.

1 point: SIRI above the cut-off OR PNI below the cut-off.

2 points: SIRI above the cut-off AND PNI below the cut-off.
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Statistical Analysis

The sample size was considered sufficient according to the events-per-variable principle for logistic regression analysis.
Data were analyzed using SPSS statistical software (version 21.0, IBM Corp., Armonk, NY, USA). Normally distributed
quantitative data are presented as the mean + standard deviation and were compared using the independent samples #-test.
Categorical and ordinal data are presented as the frequency (percentage) and were compared using the chi-square test or
Fisher’s exact test, as appropriate. Univariate and multivariate logistic regression analyses (backward stepwise method,
with entry and removal criteria set at P < 0.10 and P < 0.05, respectively) were performed to identify independent risk
factors for BM, with the results expressed as odds ratios (ORs) and 95% confidence intervals (CIs). The predictive
performance of the SIRI-PNI model was assessed using ROC curves, and the results were reported as the area under the
curve (AUC), sensitivity, and specificity. Pearson’s correlation coefficient was used to analyze the relationship between
SIRI and PNI. The multicollinearity among variables included in the regression model was evaluated using the variance
inflation factor (VIF), with VIF < 5 was considered acceptable. A two-tailed P-value < 0.05 was considered statistically
significant. To evaluate potential overfitting and assess the stability of the predictive model, internal validation was
performed using bootstrap resampling with 1000 iterations.

Results

Patient Characteristics
A total of 418 patients with NSCLC were included in the final analysis. Their demographic and clinical characteristics
are summarized in Table 1. Further analyses exploring the association between the SIRI-PNI score and clinicopatholo-
gical characteristics revealed that the SIRI-PNI score was significantly associated with clinical stage (P < 0.001) but not
histological subtype (P > 0.05).

Table | Baseline Demographic and
Clinical Characteristics of Patients with
NSCLC (n = 418)

Characteristic n (%)

Sex

Male 280 (66.99)
Female 138 (33.01)
Age (years)

<60 140 (33.49)
>60 278 (66.51)
Smoking history

Yes 171 (40.91)
No 247 (59.09)
Histological type

Adenocarcinoma 299 (71.53)

Squamous Cell Carcinoma | 119 (28.47)
Clinical stage

| 128 (30.62)
Il 31 (7.42)
11l 18 (4.31)
v 241 (57.66)
Tumor location

Left 162 (38.76)
Right 256 (61.24)
Lymph node metastasis

Yes 284 (67.94)
No 134 (32.06)
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Figure | Receiver operating characteristic (ROC) curves of SIRI and PNI for predicting bone metastases in NSCLC. The AUC values were 0.877 for SIRI and 0.801 for PNI.
Abbreviations: SIRI, systemic inflammatory response index; PNI, prognostic nutritional index; AUC, area under the curve; NSCLC, non-small cell lung cancers.

SIRI-PNI Cut-off Values and Predictive Performance
ROC curve analysis (Figure 1) revealed that the optimal cut-off value for the SIRI was 539.0, with an AUC of 0.877
(95% CI: 0.807-0.947), a sensitivity of 86.36%, and a specificity of 72.73%. The optimal cut-off for the PNI was 44.8,
with an AUC of 0.801 (95% CI: 0.689-0.912), a sensitivity of 81.40%, and a specificity of 74.42%. A significantly
negative correlation was observed between the SIRI and PNI (» = —0.711, P < 0.001). Using these thresholds, the SIRI-
PNI scoring system was developed as described in the Methods section.

Univariate Analysis of Factors Associated with Bone Metastases

During a mean follow-up of 11.91 £ 0.88 months (range: 9-14 months), 142 patients (33.97%) developed BM (BM group),
while 276 did not (non-BM group). Univariate analysis (Table 2) revealed statistically significant differences between the
two groups in clinical stage, lymph node metastasis status, and SIRI-PNI score (all P < 0.05) but not in sex, age, smoking

Table 2 Univariate Analysis of Factors Associated with Bone Metastases in Patients with NSCLC

Characteristic BM Non-BM Statistic (x> / t) | P-value
Group (n=142) | Group (n=276)
Sex, n (%) 0.007 0.933
Male 96 (67.61) 184 (66.67)
Female 46 (32.39) 92 (33.33)
Age, n (%) 0.203 0.652
<60 years 45 (31.69) 95 (34.42)
>60 years 97 (68.31) 181 (65.58)
Smoking history, n (%) 0513 0.474
Yes 62 (43.66) 109 (39.49)
No 80 (56.34) 167 (60.51)
(Continued)
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Table 2 (Continued).

Characteristic BM Non-BM Statistic (x2/ t) | P-value
Group (n=142) | Group (n=276)

Histological type, n (%) 1.839 0.175

Adenocarcinoma 108 (76.06) 191 (69.20)

Squamous cell carcinoma 34 (23.94) 85 (30.80)

Clinical stage, n (%) 116.735 < 0.001

| 4 (2.82) 124 (44.93)

Il 0 (0.00) 31 (11.23)

11l 6 (4.23) 12 (4.35)

v 132 (92.96) 109 (39.49)

Tumor location, n (%) 0.097 0.756

Left 57 (40.14) 105 (38.04)

Right 85 (59.86) 171 (61.96)

Lymph node metastasis, n (%) 12.570 < 0.001

Yes 113 (79.58) 171 (61.96)

No 29 (20.42) 105 (38.04)

SIRI-PNI score, n (%) 229.608 < 0.001

0 point 11 (7.75) 181 (65.58)

| point 48 (33.80) 95 (34.42)

2 points 83 (58.45) 0 (0.00)

Abbreviation: BM, Bone Metastases.

Table 3 Multivariate Logistic Regression Analysis of Risk Factors for Bone Metastases in Patients with NSCLC

Factor B SE Wald y? | P-value | OR 95% CI
Clinical stage (IV vs. -l 2477 | 0414 35.887 < 0.0001 | I1.907 5.295-26.780
SIRI-PNI Score (2 points vs. 0—1 point) | 38.202 | 33,554.428 | - < 0.0001 | Extremely large | Not estimable

Abbreviations: BM, Bone Metastases; SIRI-PNI, systemic inflammatory response index—prognostic nutritional index; SE, standard error; OR, odds
ratio; Cl, confidence interval.

history, histological type, or tumor location (all P > 0.05). Notably, 92.96% of patients in the BM group were at clinical stage
IV, and 58.45% had a SIRI-PNI score of 2; in contrast, no patients in the non-BM group had a score of 2.

Multivariate Logistic Regression Analysis for Bone Metastases

When variables with P < 0.10 in the univariate analysis (clinical stage, lymph node metastasis, and SIRI-PNI score) were
entered into the multivariate logistic regression model, clinical stage IV (OR = 11.91, 95% CI: 5.29-26.78, P < 0.0001)
and a SIRI-PNI score of 2 emerged as significant independent predictors of BM (Table 3). Notably, no patients in the
non-BM group had a SIRI-PNI score of 2. Consequently, the estimated OR was extremely large, reflecting a very strong
association between a high SIRI-PNI score and the occurrence of BM.

Discussion

The findings of this study demonstrate that a preoperative scoring system combining the SIRI and the PNI effectively
predicts the risk of subsequent BM in patients with primary NSCLC. Accordingly, a high SIRI-PNI score (2 points) and
advanced clinical stage (IV) were found to be strong independent risk factors for BM development.

Occurring in 20-40% of patients with NSCLC, BM signifies disease progression often leading to skeletal-related
events that severely compromise quality of life and survival.> Although bone scintigraphy remains a key diagnostic tool,
its limitations necessitate the identification of accessible, non-invasive biomarkers for early risk stratification.®’
Inflammation and nutritional status are increasingly recognized as critical determinants of cancer progression and
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metastasis.'®'? Integrating neutrophil, platelet, and lymphocyte counts, the SIRI reflects systemic inflammation,'®'

whereas the PNI, based on albumin and lymphocyte counts, assesses nutritional and immune status.'”*°

Both indices have shown prognostic value in various cancers, including lung cancer,'*'**! but their combined role in
predicting BM has, until now, been unclear. The ROC analysis conducted in this study demonstrated the robust predictive
ability of both indices for BM, with the SIRI showing slightly higher discriminatory power (AUC 0.877) than the PNI
(AUC 0.801). The significantly negative correlation between the SIRI and PNI underscores the interplay between
inflammation and malnutrition in advanced cancer. The SIRI-PNI scoring system developed in this study effectively
stratified the participants into distinct risk categories. The stark contrast between the study groups—58.45% of the BM
group had a SIRI-PNI score of 2 compared with 0% of the non-BM group—highlights its potential clinical utility.

The biological plausibility of the findings is supported by the roles performed by the cellular components represented
in the SIRI-PNI. A high SIRI reflects elevated neutrophils and/or platelets alongside relative lymphopenia. Neutrophils
can promote tumor angiogenesis and invasion by releasing proteases and pro-angiogenic factors.'* Platelets facilitate
tumor cell adhesion and extravasation during hematogenous dissemination, potentially promoting metastasis to bone
marrow sinusoids.”? Conversely, lymphocytes are crucial for anti-tumor immune surveillance; lymphopenia may indicate
impaired immune defense against metastatic spread. Low serum albumin level, a component of the PNI, is a marker of
both nutritional depletion and systemic inflammatory response, which can foster a pro-tumor microenvironment.'> Thus,
a patient with a high SIRI-PNI score is likely in a profound pro-inflammatory, pro-tumor, and nutritionally compromised
state, which creates a biological milieu conducive to bone metastases.

Emerging evidence suggests that systemic inflammatory indicators are closely linked to the tumor immune micro-
environment and may influence metastatic progression. Chronic inflammatory conditions can reshape the immune
landscape, promoting tumor immune escape and facilitating tumor dissemination. Recent studies have emphasized the
importance of interactions among systemic inflammation, immune infiltration, and tumor progression in lung cancer. For
example, dysregulation of immune-related signaling pathways and chronic inflammatory states may alter immune cell
recruitment and remodeling of the tumor microenvironment, thereby contributing to tumor metastasis and disease
progression.”> In addition, specific molecular biomarkers associated with immune regulation have been identified as
potential prognostic indicators in lung cancer. For example, TTC21A has been associated with immune cell infiltration
patterns and clinical outcomes in lung adenocarcinoma, highlighting the relevance of immune-related molecular markers
in tumor progression.”* Furthermore, certain microRNAs, such as miR-4271, have been shown to regulate receptor
expression and drug sensitivity in NSCLC through modulation of intracellular signaling pathways.”> These findings
suggest that inflammatory and nutritional indices, such as the SIRI-PNI, serve as integrative biomarkers reflecting both
systemic inflammatory status and immune microenvironment alterations, providing biological evidence for their associa-
tion with metastatic risk.

Unsurprisingly, advanced clinical stage (IV) was a major risk factor, consistent with the biology of metastatic disease.
Lymph node metastasis was significant in the univariate analysis but failed to remain an independent predictor in the
multivariate model, likely due to its collinearity with advanced stage and the overwhelming predictive strength of the
SIRI-PNI score. Because none of the patients in the non-BM group had an SIRI-PNI score of 2, the logistic regression
estimate was extremely large, reflecting the strong discriminatory ability of this score.

Despite its development of a promising clinical scoring system and identification of risk factors, this study has several
limitations. First, its retrospective, single-center design may have introduced selection bias. Second, although the sample
size was adequate for the primary analyses, the relatively small cohort limited the ability to perform more detailed
subgroup analyses. Third, the median follow-up period was approximately 12 months. Although baseline imaging
examinations were performed to exclude existing BM at diagnosis, longer follow-up may be required to capture late-
occurring bone metastases. Because the primary aim of this study was to identify risk factors for the occurrence of bone
metastasis and to develop a predictive scoring system rather than to analyze time-to-event outcomes, logistic regression
analysis was used. Future studies with longer follow-up durations may further explore time-to-event analyses using Cox
proportional hazards models. Finally, the extremely large OR observed for the SIRI-PNI score of 2 likely reflects the

absence of this score in the non-BM group, which may have resulted in unstable estimates in the logistic regression
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model. Future prospective multicenter studies with larger cohorts and longer follow-up durations are needed to validate
these findings and refine the cut-off values.

Conclusions

The preoperative SIRI-PNI scoring system developed in this study is a simple, non-invasive, clinically accessible tool for
identifying patients with NSCLC at high risk of developing BM and predicting the risk of BM in patients with primary
lung cancer. Combining readily available laboratory parameters, the score reflects the interplay of systemic inflammation
and nutritional status. Identifying patients with a high SIRI-PNI score, particularly those with stage IV disease, enables
clinicians to perform more vigilant monitoring, consider early bone-modifying agents, and tailor personalized treatment
strategies to mitigate the morbidity associated with bone metastases.
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