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Abstract: To establish a predictive model of bone metastasis in patients with non-small cell lung cancer (NSCLC) us-
ing peripheral blood CX3CL and CCL28, and to verify its application value. We retrospectively gathered clinical data 
from 210 patients with NSCLC treated at our institution between April 2021 and December 2023. These patients 
were stratified into two groups based on the presence of bone metastases: a bone metastasis group (n = 49) and a 
non-bone metastasis group (n = 161). A logistic regression model was developed to predict bone metastasis and to 
evaluate the model’s predictive performance. Multivariate logistic regression analysis identified age (OR = 6.689, P 
< 0.001), carcinoembryonic antigen (CEA, OR = 5.699, P < 0.001), CX3CL1 (OR = 5.418, P < 0.001), and CCL28 (OR 
= 7.692, P < 0.001) as independent predictors of bone metastasis in NSCLC patients. The receiver operating char-
acteristic (ROC) curve analysis yielded an area under the curve (AUC) of 0.794 for both the modeling and validation 
cohorts. Decision curve analysis (DCA) indicated a superior net benefit of the model. Calibration curves confirmed 
close concordance between predicted and observed probabilities of bone metastasis. The Hosmer-Lemeshow test 
yielded a chi-square statistic of 4.743 with a P-value of 0.178, suggesting a good fit. The predictive model utilizing 
serum levels of CX3CL1 and CCL28 demonstrates robust predictive accuracy and efficacy for bone metastasis in 
patients with NSCLC.
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Introduction

Lung cancer is among the most prevalent can-
cers globally, with non-small cell lung cancer 
(NSCLC) accounting for roughly 85% of all cases 
[1]. Distant metastasis poses a substantial 
threat to the survival of NSCLC patients, with 
bone metastasis emerging as the predominant 
form. According to a retrospective analysis, 
bone metastasis comprises roughly 21.3% of 
all distant metastatic occurrences in NSCLC 
patients [2], frequently resulting in disruptions 
to bone metabolism and skeletal-related 
events (SREs) like spinal cord compression and 
pathological fractures. These events profound-
ly affect patients’ quality of life and escalate 
medical burden. Following the diagnosis of 
bone metastasis, patients typically have a 

median survival period of merely 6 to 10 
months, and a one-year survival rate ranging 
from 40% to 50% post-treatment [3]. Therefore, 
timely prevention and treatment of bone metas-
tasis in NSCLC patients are of paramount 
importance for improving their prognosis. 
CX3CL1, the only known member of the CX3C 
chemokine family, is regulated by a variety of 
mechanisms. Under normal circumstances, the 
expression level of CX3CL1 is low, but it can be 
up-regulated under stimulation such as inflam-
mation and injury. It can bind to the CX3CR1 
receptor on the cell surface by adhesion form, 
thereby mediating intercellular interaction and 
signal transduction. Previous studies have indi-
cated its involvement in inflammation and vari-
ous tumor developments [4]. However, its regu-
latory mechanisms in tumor cell proliferation, 
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migration, and invasion in lung cancer patients 
remain unclear. CCL28 is a chemokine belong-
ing to CC chemokines, also known as mucosal-
associated epithelial chemotactic cytokines 
(MEC). Its expression level is affected by many 
factors, including pro-inflammatory cytokines, 
bacterial products, and possible genetic and 
environmental factors. It mediates cell-to-cell 
signal transduction by binding to CC chemokine 
receptor 10 (CCR10) and regulates the migra-
tion and activation of immune cells such as 
macrophages and lymphocytes, participating in 
mucosal immune response and cell-mediated 
inflammatory response. Increasing evidence 
suggests that highly conserved chemokines in 
evolutionary history are multifunctional mole-
cules, with roles not only in inflammation but 
also prominently in tumors [5, 6]. This study 
innovatively integrated peripheral blood levels 
of CX3CL1 and CCL28 into a nomogram for  
predicting bone metastasis in NSCLC patients. 
The findings may offer a useful reference for 
the clinical management and prevention of 
bone metastasis in NSCLC patients.

Materials and methods

Study population

This retrospective study analyzed clinical data 
from 210 patients diagnosed with NSCLC who 
were admitted to the Fourth Hospital of Hebei 
Medical University from December 2020 to 
December 2023. All procedures involving 
human participants in this study adhered to the 
ethical standards set by the Ethics Committee 
of the Fourth Hospital of Hebei Medical 
University (approval No. 2020ky184) and com-
plied with the 1964 Helsinki Declaration and 
its subsequent amendments or comparable 
ethical guidelines.

Inclusion criteria: (1) Diagnosis of NSCLC con-
firmed by clinical and pathological examination; 
(2) Age > 18 years; (3) Availability of complete 
CX3CL1 and CCL28 levels in peripheral blood; 
(4) Bone metastasis status evaluated by whole-
body PET-CT; (5) Availability of complete clinical 
data. Exclusion criteria: (1) Patients with other 
concomitant malignant tumors; (2) Patients 
with comorbidities such as diabetes mellitus or 
thyroid disorders affecting bone metabolism; 
(3) Patients with diseases such as osteoporosis 
or rheumatoid arthritis; (4) Incomplete medical 
records. 

Variables and data collection methods

Study variables: Study variables were primarily 
categorized into predictive variables and out-
come variables. (1) Predictive variables includ-
ed gender, age, smoking history, comorbidities, 
pathological type, TNM staging, tumor markers 
(CEA, reference range of 0~10 µg/L; AFP, refer-
ence range of 0~20 μg/L), and alkaline phos-
phatase (ALP, reference range of 50~136 U/L). 
Patients’ peripheral venous blood samples (5 
ml) were procured and anticoagulated using 
1.5 mg/ml ethylenediaminetetraacetic acid 
(EDTA). Subsequently, the samples underwent 
centrifugation at 3000 rpm for 20 minutes to 
isolate plasma, which was then stored at -80°C 
until further analysis. Enzyme-linked immuno-
sorbent assay (ELISA) was employed to quanti-
fy peripheral blood levels of CX3CL and CCL28, 
adhering strictly to the instructions provided by 
the respective kits (Chemstan, CS103909H)/
(ZYscience, H-EL-MEC/CCL28). (2) Outcome 
variable: Bone metastasis was diagnosed 
based on bone scintigraphy and clinical symp-
toms as the gold standard [7]. 

Diagnostic criteria of bone metastasis: ① 
Presence of more than 3 sites of radioactive 
isotope accumulation on bone scintigraphy 
after excluding benign lesions and other trau-
matic factors; ② Presence of ≤2 sites of radio-
active isotope accumulation on bone scintigra-
phy along with bone pain, pathological frac-
tures, or other clinical symptoms indicative of 
bone metastasis; ③ Presence of bone pain, 
pathological fractures, or other clinical symp-
toms indicative of bone metastasis with nega-
tive results on radioactive isotope examination; 
④ Presence of abundant accumulation of 
radioactive isotopes and clinical symptoms of 
bone metastasis. Confirmation was based on 
any of these four criteria.

Data collection: The clinical data of the patients 
were gathered from electronic medical records, 
including gender, age, smoking history, basic 
medical history, pathological type, tumor-lymph 
node-metastasis (TNM) stage, tumor markers, 
peripheral blood CX3 CL, CCL28 levels, and 
bone metastasis status.

Imputation of missing data: To maintain the 
integrity and accuracy of the data set, this 
study employed simulation-based imputation 
for handling missing values. By analyzing cor-
relation in the data before and after the model 



Prediction model for bone metastasis in non-small cell lung cancer

3061 Am J Cancer Res 2024;14(6):3059-3067

learning, it was determined that the missing 
data accounted for 5%, and the missing data 
values were predicted and filled.

Construction of predictive model

Patients were categorized based on the pres-
ence of bone metastasis into a bone metasta-
sis group and a non-bone metastasis group. 
The cohort employed 100 iterations of 5-fold 
cross-validation to determine optimal hyperpa-
rameters, establish the best training regimen, 
and validate the model to assess its fit and gen-
eralizability. The discrimination of the predic-

model’s discrimination. The Hosmer-Lemeshow 
test was used to assess model calibration, and 
the decision curve analysis (DCA) was employed 
to evaluate the model’s clinical utility. Statistical 
significance was determined at P < 0.05.

Results

Comparison of clinical data between bone me-
tastasis group and non-metastasis group

In a cohort of 210 patients with NSCLC, 49  
had bone metastases and 161 did not. The 
Flow chart is shown in Figure 1. Statistical anal-

Figure 1. Flow chart.

tion model was evaluated using the 
area under the curve (AUC), with high-
er AUC values indicating better model 
discrimination. A nomogram was cre-
ated to visualize the prediction model, 
where individual variable scores were 
aggregated to compute a total score 
reflecting the cumulative contribution 
of the predictor variables. This total 
score was then used to determine the 
corresponding probability of the out-
come event by drawing a vertical line 
from the total score to the probability 
scale. Model calibration was assessed 
using a calibration curve and the 
Hosmer-Lemeshow (H-L) chi-square 
test, reflecting the agreement between 
predicted and observed risks across 
different risk stratifications.

Statistical analysis

Data analysis was performed using R 
software (version 4.3.1). Continuous 
data were checked for normality, and 
the data in normal distribution were 
presented as mean ± standard devia-
tion, and t-tests were used for com-
parisons. Categorical data were pre-
sented as counts or rates and ana-
lyzed using the chi-square test. Risk 
factors influencing bone metastasis 
were identified through univariate and 
multivariate logistic regression analy-
ses. Significant factors in univariate 
analysis were further analyzed in mul-
tivariate logistic regression, taking 
into account clinical relevance to con-
struct a nomogram prediction model. 
The ROC curve was plotted, and the 
AUC was calculated to determine the 
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ysis revealed significant differences between 
the metastatic and non-metastatic groups in 
terms of age, pathological type, and levels of 
CEA, CX3CL1, and CCL28 (all P < 0.05), as 
detailed in Table 1.

Multifactor logistic regression analysis of fac-
tors influencing bone metastasis in NSCLC 
patients

Variables that showed significant differences in 
univariate analysis were used as independent 
variables. Continuous data such as age, CEA, 
CX3CL1, and CCL28 were categorized. Multi- 
variate logistic regression, with bone metasta-
sis as the dependent variable, identified age, 
CEA, CX3CL1, and CCL28 as independent risk 
factors for bone metastasis in NSCLC patients 
(all P < 0.05). No significant differences were 
found in other clinical parameters between the 
two groups (all P > 0.05), as shown in Table 2.

Establishment and evaluation of the prediction 
model

The prediction model was developed based on 
factors that demonstrated statistical differenc-
es in multivariate logistic regression analysis. 
The results of the nomogram model are pre-
sented in Figure 2. ROC analysis indicated that 
the model’s AUC for predicting bone metastasis 
in NSCLC patients was 0.794, as illustrated in 
Figure 3. DCA for bone metastasis based on 
selected risk factors showed a higher net ben-
efit for the prediction model using combined 
indicators, as shown in Figure 4. Calibration 
curve analysis confirmed good consistency 
between the predicted and actual occurrences 
of bone metastasis. The chi-square statistic  
following the Hosmer-Lemeshow test was 
4.743 with a P value of 0.178, as displayed in 
Figure 5.

Discussion

Bone metastasis is a frequent distant site in 
NSCLC patients. In this study, there were 33 
cases of bone metastasis in the modeling 
group, with an incidence rate of 22.45%. This 
rate aligns with the results reported by Dohzono 
S et al. [8], suggesting that clinical attention to 
the prevention and treatment of bone metasta-
sis in NSCLC patients should still be strength-
ened. Previous studies have indicated [9, 10] 
that bone metastasis begins insidiously, with 

non-specific clinical symptoms, and patients 
are prone to bone-related adverse events, 
adversely affecting patients’ survival time and 
quality of life. Therefore, early identification of 
the high-risk population for bone metastasis is 
of great significance for improving the progno-
sis of lung cancer patients. Currently, conven-
tional imaging techniques are commonly used 
in clinical practice to diagnose bone metasta-
sis, but they also have certain limitations. For 
example, patients undergo imaging examina-
tions only after manifesting clear symptoms, 
which is indicative of advanced stage of lung 
cancer, leading to suboptimal treatment out-
comes [11, 12]. There is a need for more acces-
sible and practical methods to predict early 
bone metastasis in NSCLC patients to enhance 
patient survival and clinical outcomes, given 
the economic burden of conventional imaging.

In this study, we investigated 12 potential fac-
tors associated with the development of bone 
metastasis in patients with NSCLC. Single-
factor and multifactor logistic regression analy-
ses identified age, CEA, CX3CL1, and CCL28 
levels as independent risk factors influencing 
the occurrence of bone metastasis in NSCLC 
patients. Some studies have suggested [13] 
that bone density typically decreases with age, 
increasing the risk of osteoporosis, which may 
lead to the occurrence of bone metastasis; 
meanwhile, aging can also diminish immune 
function and the body’s tolerance for treat-
ments, thus limiting treatment options, and fur-
ther increasing the risk of bone metastasis 
[14]. CEA is a tumor marker commonly used to 
monitor tumor activity. Literature has indicated 
[15] that elevated CEA level may reflect the 
invasiveness and malignancy of tumors, incre- 
asing the risk of tumor metastasis to the bones. 
This study underscores the significance of CEA 
as a sensitive indicator for detecting bone 
metastasis in lung cancer. The analysis posits 
CEA as a widely utilized tumor-sensitive marker 
in clinical practice. CEA is primarily synthesized 
within the cytoplasm and subsequently secret-
ed into extracellular and surrounding bodily flu-
ids through the cell membrane, rendering it 
detectable in serum, gastric juice, and other 
bodily fluids. Notably, as the patient’s condition 
deteriorates, there is a corresponding elevation 
in CEA levels [16]. Early CEA assessment is rou-
tine in the clinical diagnosis of ovarian cancer 
[17], and prognostic evaluation in cervical can-
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Table 2. Multifactor logistic regression analysis of factors influencing bone metastasis in NSCLC 
patients
Factors β SE Ward χ2 P OR 95% CI
Age 1.900 0.457 17.294 < 0.001 6.689 2.731~16.382
Pathological type 0.023 0.089 0.065 0.652 1.023 0.859~1.218
CEA 1.740 0.339 26.354 < 0.001 5.699 2.932~11.075
CX3CL 1.690 0.365 21.431 < 0.001 5.418 2.649~11.080
CCL28 2.040 0.324 39.650 < 0.001 7.692 4.076~14.516
CEA: carcinoembryonic antigen, CX3CL1: CX3 chemokine ligand 1, CCL28: CC chemokine ligand 28.

Table 1. Comparison of clinical data between bone metastasis group and non-metastasis group
Factors Bone Metastasis Group (n = 49) Non-Metastasis Group (n = 161) χ2 P
Age
    < 60 2 40 10.121 0.002
    ≥ 60 47 121
Gender
    Male 30 99 0.001 0.973
    Female 19 62
Smoking history
    Yes 10 37 0.143 0.705
    No 39 124
Medical history
    Yes 18 56 0.063 0.802
    No 31 105
Pathological type
    Adenocarcinoma 44 109 9.273 0.002
    Squamous carcinoma 5 52
T stage
    T0~T2 16 64 0.803 0.370
    T3~T4 33 97
N stage
    N0~N2 27 64 3.605 0.058
    N3 and Nx 22 97
CEA
    0~10 μg/L 21 114 12.781 0.000
    > 10 μg/L 28 47
AFP 
    0~20 μg/L 49 159 0.615 0.433
    > 20 μg/L 0 2
ALP
    < 100 U/L 24 103 3.534 0.060
    ≥ 100 U/L 25 58
CX3CL
    < 0.4 pg/mL 3 73 25.021 < 0.001
    ≥ 0.4 pg/mL 46 88
CCL28
    < 35 pg/mL 2 78 31.151 < 0.001
    ≥ 35 pg/mL 47 83
CEA: carcinoembryonic antigen, AFP: alpha-fetoprotein, ALP: alkaline phosphatase, CX3CL1: CX3 chemokine ligand 1, CCL28: 
CC chemokine ligand 28.
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cer [18], where it shows high sensitivity and 
accuracy in predicting disease recurrence.

CX3CL1, also known as neurotactin or fractal-
kine, is a cytokine crucial for the functioning of 

CCL28 is a chemokine that plays an important 
role in inflammation and immune regulation. 
Study has found [22] that CCL28 participates 
in the migration and settlement of lung cancer 
cells in the microenvironment of bone metasta-

Figure 2. Nomogram model predicting bone metastasis in NSCLC patients.

Figure 3. ROC curve of the nomogram model predicting bone metastasis.  

both the immune and nervous 
systems. It primarily functions by 
binding to its receptor, CX3CR1, 
to facilitate cell-to-cell signal 
transduction. This interaction 
plays a significant role in regulat-
ing a variety of biological pro-
cesses, including inflammation, 
cell migration, proliferation, and 
apoptosis. CX3CL1 is vital for 
neuroprotection within the ner-
vous system as it promotes neu-
ronal survival and supports syn-
aptic transmission [19]. Previous 
studies have suggested [20, 21] 
that the CX3CL1/CX3CR1 signal-
ing pathway may be involved  
in the growth, infiltration, and 
metastasis of lung cancer. 
CX3CL1 may affect the migration 
and invasion ability of lung can-
cer cells by interacting with 
CX3CR1 in the tumor microenvi-
ronment, thereby affecting the 
development and metastasis of 
tumors. 
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sis, possibly by interacting with specific recep-
tors or cells, affecting the activities of inflam-

In summary, the prediction model based on 
peripheral blood CX3CL and CCL28 has good 

Figure 4. Decision curve analysis (DCA) of the nomogram model predict-
ing bone metastasis. 

Figure 5. Calibration curve of the nomogram model predicting bone me-
tastasis. 

matory cells, immune cells, 
angiogenesis, and bone remod-
eling in the bone marrow, thereby 
affecting the growth and metas-
tasis of lung cancer cells in the 
bone, increasing the risk of bone 
metastasis in patients [23].

Nomograms are powerful tools 
that predict disease risk or sur-
vival outcomes by integrating 
various individual risk factors, 
quantifying the impact of each 
variable, and visualizing the 
results of different patients [24]. 
In this study, a nomogram predic-
tive model based on age, CEA, 
CX3CL, and CCL28 levels was 
constructed using machine lear- 
ning methods. Machine learning 
algorithms are adept at handling 
large datasets, capturing com-
plex patterns and correlations 
which traditional statistical me- 
thods may miss. They improve 
prediction accuracy through their 
ability to automatically adjust 
model parameters and weights, 
adapt to different data distribu-
tions, and manage relationships 
between features [25, 26]. In 
this study, the AUC of the nomo-
gram prediction model based on 
age, CEA, CX3CL, and CCL28 lev-
els to predict bone metastasis in 
patients was 0.795, and the  
net benefit of predicting the risk 
of bone metastasis in NSCLC 
patients was high. The prediction 
of bone metastasis has good 
consistency with the actual 
occurrence, suggesting that the 
prediction model based on 
peripheral blood CX3CL and 
CCL28 has good efficacy and 
accuracy in predicting bone 
metastasis in NSCLC patients, 
and has good consistency with 
the actual occurrence.

Conclusions
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efficacy and accuracy in predicting bone metas-
tasis in NSCLC patients and has good consis-
tency with the actual occurrence. The predic-
tive variables identified in this study - age, CEA, 
CX3CL1, and CCL28 levels - enable medical 
personnel to swiftly and precisely evaluate the 
risk of bone metastasis. This investigation is a 
single-center retrospective study, which pres-
ents certain limitations. Future research will 
involve large-sample, multi-center, and pro-
spective datasets to validate the accuracy of 
the predictive model.
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