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Abstract: Objective: This study aims to establish and validate a predictive model for bone metastasis in prostate can-
cer patients based on multiple immune inflammatory parameters. Methods: In this retrospective study, 162 pros-
tate cancer patients who met the inclusion criteria were selected by Urology Surgery, Shaanxi Provincial People’s 
Hospital. Based on the medical record number of patients and the random number table method, 40 patients were 
randomly included in a validation group, and the rest were in a modeling group. The patients in the modeling group 
were divided into a metastatic group (n=67) and a non-metastatic group (n=55) according to the whole-body bone 
imaging results. Results: The predictive model was established based on the results of Logistics regression analysis: 
Logit (P) = -5.341 + 0.930*total Gleason score + 1.426*total prostate specific antigen + 0.836*neutrophil-lympho-
cyte ratio + 0.896*platelet lymphocyte ratio + 0.641*lymphocyte/monocyte ratio + 0.750*albumin/globulin ratio. 
ROC analysis showed that the areas under the curve of the predictive model for bone metastasis in the modeling 
and validation groups were 0.896 and 0.870, respectively. Hosmer-Lemeshow test showed that P=0.253, indicating 
a high degree of the fitting. External verification results showed that the C-index for predicting prostate cancer bone 
metastasis in the predictive model established in this study was 0.760 (95% CI: 0.670-0.851). Conclusion: The 
bone metastasis predictive model based on the multiple immune inflammatory parameters (neutrophil-lymphocyte 
ratio, platelet lymphocyte ratio, lymphocyte/monocyte ratio and albumin/globulin ratio) in prostate cancer patients 
can reasonably predict the occurrence of bone metastasis and is well worth clinical application. 
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Introduction

As the second most common malignant tumor 
worldwide, prostate cancer (PCa) causes more 
than 1 million new cases and more than 
300,000 deaths annually, bringing about great 
harm to men’s health [1, 2]. The incidence of 
PCa in China is lower than that in European and 
American countries, but it is rising rapidly [3, 4]. 
As clinical research [5-7] reveals, the rate of 
bone metastasis is high in PCa as patients 
have advanced to the late stage at diagnosis. 
Bone metastasis can cause a series of bone-
related events, including spinal cord compres-
sion, pathological fracture and hypercalcemia, 
which affect the quality of life and long-term 
survival of patients. Metastatic castration-
resistant PCa caused by bone metastasis is 

also one of the main causes of death in patients 
with PCa. Currently, many predictive models 
have been established for bone metastases in 
PCa patients based on imaging evidence and 
cytomics and genomics results, offering certain 
guidance for the individualized management of 
PCa patients [8-10]. The inflammatory reaction 
is an injury response of the body to endogenous 
or exogenous injury. Tumor-related inflammato-
ry reaction plays an important role in tumor ini-
tiation, progression and metastasis, and inflam-
matory markers have great application poten-
tial in tumor diagnosis, disease assessment 
and prognosis assessment [11, 12]. As studies 
[13-15] reveal, multiple inflammatory factors, 
including neutrophils, C-reactive protein, lym-
phocytes, interleukin family and tumor necrosis 
factor family, can affect the biological behav-
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iors of tumor tissues through various channels. 
Therefore, an inflammatory factor model based 
on serology detection may have certain clinical 
value for predicting bone metastasis in PCa 
patients. Besides, clinical studies [16, 17] have 
found that composite inflammation indexes, 
including systemic immune and multiple inflam-
mation indexes, also show clinical value in eval-
uating various malignant tumors. There is still a 
lack of application of the composite inflamma-
tion indexes for predicting the occurrence of 
bone metastases in PCa patients. A bone me- 
tastasis prediction model based on relatively 
readily available inflammatory markers is par-
ticularly important for early detection and diag-
nosis of PCa bone metastasis for individualized 
treatment options, prognosis, and reduction of 
complications. This issue was discussed in the 
present study to provide references for the pre-
diction of bone metastasis in patients with 
PCa.

Data and methods

Research data

In this retrospective study, 162 PCa patients 
admitted to the Urology Surgery, Shaanxi 
Provincial People’s Hospital from March 2015 
to March 2022 were selected as the research 
subjects. Inclusion criteria: (1) patients who 
were confirmed with PCa by aspiration biopsy 
or surgery; (2) patients who received bone 
SPECT imaging and serological examination 
within one week before treatment; (3) patients 
with complete relevant clinical data. Exclusion 
criteria: (1) patients with a history of prostate 
surgery or endocrine therapy before admission; 
(2) patients combined with other malignant 
tumors or congenital bone diseases; (3) 
patients with bone metastases that could not 
be identified; (4) patients complicated with 
hematological diseases or infectious diseases. 
Following a random method, 40 of the 162 PCa 
patients who met the inclusion criteria were 
included in a validation group (n=40), and the 
rest in a modeling group (n=122). The patients 
in the modeling group were divided into a meta-
static group (n=67) and a non-metastatic group 
(n=55) according to the whole-body bone imag-
ing results. All the patients were followed up at 
3-month intervals after treatment. The study 
design was based on the Helsinki Declaration 
and approved by the Medical Ethics Committee 
of Urology Surgery, Shaanxi Provincial People’s 
Hospital. 

Data collection

Basic information of patients, initial laboratory 
results and treatment status were obtained 
from the electronic medical record system. The 
data including age, clinical stage, Gleason 
score, hematuria, treatment, androgen depriva-
tion therapy, total prostate specific antigen 
(tPSA) detection, etc. Laboratory data were col-
lected if no bone metastasis occurred prior to 
treatment. Inflammatory indicators included 
neutrophil-lymphocyte ratio (NLR), platelet lym-
phocyte ratio (PLR), lymphocyte/monocyte 
ratio (LMR) and albumin/globulin ratio (AGR). All 
indicators were tested in the laboratory de- 
partment of our hospital, and all instruments 
and reagents were from the same manufactur-
er. The tissue samples obtained by aspiration 
biopsy or surgical sampling from patients were 
prepared as pathological sections and stained 
with H&E. Two experienced pathologists com-
pleted the Gleason score assessment. Accord- 
ing to the assessment results, the scores were 
given, including 2-4 as highly differentiated, 5-7 
as moderately differentiated, and 8-10 as lowly 
differentiated or undifferentiated.

Statistical analysis

SPSS 23.0 was used to analyze the collected 
experimental data. The measurement data fol-
lowing normal distribution were represented by 
mean ± standard deviation (X ± S), and the 
independent sample t-test was used for their 
comparison. The counting data were expressed 
as cases or rates, and the χ2 test was used for 
the comparison. The logistics regression model 
was used to estimate the odds ratio (OR) of 
each candidate variable, and variables with P< 
0.05 in univariate analysis were included in 
multivariate analysis. The predictive model was 
established based on the coefficient β in the 
multivariate regression results. The receiver 
operating characteristic (ROC) curve was used 
to evaluate the prediction efficiency of the 
model for bone metastasis in the modeling and 
validation groups. Graphpad 8.0 software was 
used for plotting. DeLong method was used for 
pairwise comparison of ROC curve results. The 
calibration curve, discrimination degree and 
C-index were used to comprehensively evaluate 
the model’s performance. All statistical tests 
were two-sided, and P<0.05 was considered 
statistically significant.
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Results

Comparison of clinical data between the mod-
eling group and the validation group

There were no significant differences in age, 
clinical stage, total Gleason score, hematuria, 
treatment methods, androgen deprivation ther-
apy, tPSA, PASD, NLR, PLR, LMR and AGR 
between the modeling group and the validation 
group (all P>0.05, Table 1).

Comparison of clinical data between the meta-
static group and the non-metastatic group

No significant differences were observed in 
sex, clinical stage, hematuria, treatment meth-
ods and androgen deprivation therapy between 
the two groups (all P>0.05). The total Gleason 
score and AGR in the metastatic group were 
lower than those in the non-metastatic group, 
and the tPSA, NLR, PLR and LMR in the meta-
static group were higher than those in the non-
metastatic group, with significant differences 
(all P<0.05, Table 2).

Multivariate Logistics regression analysis of 
influencing factors for bone metastasis in PCa

The metastasis was taken as the dependent 
variable (yes =1, no =0), and the total Gleason 
score, tPSA, NLR, PLR, LMR and AGR (all substi-
tuted with actual values) were taken as the 
independent variables for multivariate analysis. 

The results of Logistics regression analysis 
showed that, total Gleason score, tPSA, NLR, 
PLR, LMR and AGR were independent influenc-
ing factors of bone metastasis in PCa patients 
(all P<0.05, Table 3).

Establishment and performance evaluation of 
the predictive model

The predictive model was established accord-
ing to the results of Logistics regression analy-
sis: Logit (P) = -5.341 + 0.930*total Gleason 
score + 1.426*tPSA + 0.836*NLR + 0.896*PLR 
+ 0.641*LMR + 0.750*AGR. Based on this 
equation, the regression model was construct-
ed for ROC analysis. The ROC analysis showed 
that the areas under the curve of the predictive 
model for bone metastasis in the modeling  
and validation groups were 0.896 and 0.870, 
respectively. The standard errors were 0.029 
and 0.033, and the 95% CI were 0.840-0.952 
and 0.805-0.936, respectively (Figures 1, 2). 
There was no significant difference between 
the two groups (Z=1.818, P=0.535).

Evaluation of the predictive model

The Hosmer-Lemeshow test was used to test 
the fitting degree of this model. The results 
showed that P=0.253, indicating that the infor-
mation in the current data had been fully 
extracted, and the degree of fitting was high. 
The internal verification results showed that the 
C-index of the predictive model established in 

Table 1. Comparison of clinical data between modeling group and validation group
Factor Validation group (n=40) Modeling group (n=122) t/χ2 P
Age (years) 69.85±10.76 70.15±11.83 0.142 0.887
Clinical stage (T1-T2/T3-T4) 8/32 22/90 0.002 0.961
Total Gleason score (points) 7.90±2.11 7.99±1.72 0.271 0.787
Hematuria (cases) 16 49 0.001 0.985
Therapeutic method Bisphosphate 19 62 0.445 0.931

Docetaxel 13 33
Abiraterone 3 10
Untreated 5 17

Androgen deprivation therapy Persistent 26 71 0.580 0.446
Intermittent 14 51

tPSA (ng/mL) 108.63±43.97 116.35±45.67 0.936 0.351
NLR 2.59±0.56 2.64±0.59 0.471 0.638
PLR 110.85±31.67 113.86±33.49 0.500 0.618
LMR 3.54±0.71 3.49±0.69 0.395 0.693
AGR 0.88±0.23 0.91±0.21 0.766 0.445
Note: tPSA: total Prostate Specific Antigen; NLR: Neutrophil-Lymphocyte Ratio; PLR: Platelet Lymphocyte Ratio; LMR: Lympho-
cyte/Monocyte Ratio; AGR: Albumin/Globulin Ratio.
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this study was 0.760 (95% CI: 0.670-0.851) for 
predicting bone metastasis of PCa, indicating 
that the model was in good agreement with the 
actual occurrence of metastasis.

Discussion

The diagnosis of bone metastasis of PCa is of 
great significance for the treatment and prog-
nosis. For, early diagnosis of bone metastasis, 
bone scan is the most used method, but the 
diagnostic specificity of bone scan is low, and 
there is a high false positive. In recent years, 
with computed tomography, magnetic reso-
nance imaging, emission computer tomogra-
phy, positron emission computed tomography, 
and deep learning algorithms-convolutional 
neural networks, the diagnosis methods for 
bone metastasis were further studied. A variety 
of auxiliary parameters are also used in the 

Table 2. Comparison of clinical data between metastatic group and non-metastatic group

Factor Metastatic 
(n=67)

Non-metastatic group 
(n=55) t/χ2 P

Age (years) 70.27±12.12 70.00±11.69 0.124 0.901
Clinical stage (T1-T2/T3-T4) 12/55 10/45 0.001 0.969
Total Gleason score (points) 7.54±1.39 8.55±1.95 3.333 0.001
Hematuria (cases) 26 23 0.114 0.736
Therapeutic method Bisphosphonate 32 30 1.613 0.656

Docetaxel 15 10
Abiraterone 6 7
Untreated 14 8

Androgen deprivation therapy Persistent 41 30 0.549 0.459
Intermittent 26 25

tPSA (ng/mL) 128.02±36.63 105.86±35.76 3.361 0.001
NLR 2.83±0.55 2.39±0.55 4.397 <0.001
PLR 127.89±29.28 96.78±30.73 5.710 <0.001
LMR 3.80±0.54 3.07±0.59 7.125 <0.001
AGR 0.84±0.20 1.01±0.21 4.567 <0.001
Note: tPSA: total Prostate Specific Antigen; NLR: Neutrophil-Lymphocyte Ratio; PLR: Platelet Lymphocyte Ratio; LMR: Lympho-
cyte/Monocyte Ratio; AGR: Albumin/Globulin Ratio.

Table 3. Multivariate Logistics regression analysis of influencing factors of bone metastasis in PCa
Risk factor Β-value SE-value Ward-value Adjust OR-value 95% CI P-value
Total Gleason score 0.930 0.241 14.897 2.535 1.581-4.056 <0.001
tPSA 1.426 0.331 18.566 4.163 2.176-7.965 <0.001
NLR 0.836 0.222 14.164 2.306 1.492-3.563 <0.001
PLR 0.896 0.231 15.034 2.449 1.557-3.851 <0.001
LMR 0.641 0.211 9.238 1.899 1.256-2.872 <0.001
AGR 0.750 0.220 11.637 2.118 1.376-3.260 <0.001
Note: PCa: Prostate Cancer; tPSA: total Prostate Specific Antigen; NLR: Neutrophil-Lymphocyte Ratio; PLR: Platelet Lymphocyte 
Ratio; LMR: Lymphocyte/Monocyte Ratio; AGR: Albumin/Globulin Ratio.

Figure 1. Performance of the predictive model for 
bone metastasis in prostate cancer in the modeling 
group.
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diagnosis of bone metastasis, significantly im- 
proving the accuracy of the diagnosis of bone 
metastasis. To evaluate and improve the thera-
peutic effect of patients with PCa bone metas-
tases, treatment for bone metastases is expect- 
ed while diagnosing. 

According to studies [18, 19], 41.9% of PCa 
patients have complications such as spinal 
cord compression and pathological fractures 
within 2 years after diagnosis of bone metasta-
ses, which dramatically impact the quality of 
life of patients and causes a tremendous eco-
nomic burden. Therefore, reducing or delaying 
the occurrence of related complications is of 
great significance for improving the long-term 
prognosis of patients [20, 21]. Tumor microen-
vironment is an essential factor affecting the 
prognosis of PCa patients, and inflammatory 
reaction plays a vital role in the progression 
and metastasis of malignant tumors [22].

The inflammatory response is an anti-injury 
response of the body to endogenous or ex- 
ogenous damage. Tumor-related inflammation 
plays an important role in the occurrence, de- 
velopment, malignant transformation, invasion 
and metastasis of tumors and affects the 
host’s anti-tumor immunity. The persistent sys-
temic inflammation and the inflammatory re- 
sponse of the tumor itself stimulate the body to 
produce many inflammatory cells. Neutrophils 
and lymphocytes can enhance the adhesion of 
tumor cells to distant metastasis by secreting 

soluble factors and further activating endothe-
lial cells and parenchymal cells. Lymphocytes 
are crucial in cancer immune monitoring. Pla- 
telets also play an essential role in inflamma-
tion and tumor biology. Many vascular endothe-
lial growth factors in platelets can directly act 
on tumor cells, and promote tumor growth, 
invasion and angiogenesis. Platelets adhere to 
the surface of circulating tumor cells to form 
platelet coatings, thereby reducing the damage 
of free tumor cells by blood flow shear stress 
and immune attack. However, the efficacy of 
single inflammatory index for tumor prognosis 
assessment is often insufficient, and combin-
ing multiple inflammatory indicators has signifi-
cant benefits to improving the application effi-
cacy. The results of this study showed that in 
the metastatic group, the total Gleason score 
and AGR were lower than those in the non-met-
astatic group, while the tPSA, NLR, PLR and 
LMR were higher than those in the non-meta-
static group. Logistics regression analysis 
showed that the total Gleason score, tPSA, 
NLR, PLR, LMR and AGR were independent 
influencing factors for bone metastasis in PCa 
patients. It was confirmed that NLR, PLR, LMR 
and AGR might be involved in the process of 
bone metastasis. Previous studies [23, 24] 
have found that NLR, PLR, MLR and AGR are 
closely related to the prognosis of PCa patients. 
In addition, albumin, produced in the liver and 
accounts for about 50% of plasma proteins, 
regulates blood colloid osmotic pressure and 
maintains the whole blood volume. Globulin, 
including immunoglobulin, antibody and glyco-
protein, is the most crucial protein substance in 
the blood, which is involved in blood coagula-
tion, protein transport and antibody level regu-
lation. AGR level changes are closely related to 
various chronic inflammatory diseases and 
tumor progression [25, 26].

In this study, a predictive model was estab-
lished based on the results of Logistics regres-
sion analysis. ROC analysis, Hosmer-Lemeshow 
test and externality test were successively 
used to evaluate the model’s prediction perfor-
mance, degree of fitting and consistency. The 
results showed that the model had a good pre-
dictive performance for bone metastasis in 
PCa patients in both modeling and validation 
groups. Hosmer-Lemeshow and externality 
tests also proved that the model had good fit-
ting and consistency. Compared with the previ-

Figure 2. Performance of the predictive model for 
bone metastasis in the validation group.
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ous simple analysis of the impact of single fac-
tors on clinical outcomes, Logistics regression 
analysis can provide better visibility and better 
quantitative reflection on the impact of indica-
tors on outcomes. It has been proven in several 
studies that modeling is better than single-indi-
cator prediction [27, 28].

There are some shortcomings in this study. For 
example, this study is a single-center retro-
spective study. Since the quality of medical 
records cannot be controlled, there might be 
some bias in the research conclusion. Besides, 
the level of inflammatory markers are affected 
by tumor, comorbidities and therapeutic drugs. 
The deficiencies of this study are that, first of 
all, this study is a single-center study, the num-
ber of cases included is relatively small, which 
may cause some inadequate information; sec-
ondly, due to the limitations of medical records, 
some valuable variables may not be included  
in the statistics; thirdly, the prediction model 
established in this study was based on the 
cohort of PCa patients in our hospital and was 
not validated in other hospitals. Therefore, in 
future studies, the sample size and the number 
of research institutions need to be further 
expanded to improve and supplement the con-
clusions. The results of this study proved that 
the predictive model for bone metastasis in 
PCa patients based on multiple immune inflam-
matory parameters (NLR, PLR, LMR and AGR) 
could better predict the occurrence of bone 
metastasis in PCa patients. In our review, this 
model is worth of clinical application, especially 
in primary hospitals, as it can provide referenc-
es and ideas for individualized treatment in 
PCa patients. 
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