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Abstract: Objective: Bone tissue is the most common metastatic location besides lung and liver. 30%~40% of pa-
tients with non-small cell lung cancer (NSCLC) will have bone metastasis (BM) in the development of the disease. 
This study aims to explore the relevant risk factors through multivariate analysis, in order to provide basis for the 
prevention of BM and bone related events of NSCLC. Methods: We analyzed 152 patients, with 67 in BM group and 
85 in non-BM group. The general clinical data and laboratory indicators (mainly coagulation function) of patients 
were compared through univariate and multivarijate analysis. Finally, the independent risk factors of BM in patients 
with NSCLC were screened out. Results: The results of univariate analysis show that thrombosis, clinical stage, 
tumor-node-metastasis (TNM) stage, prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin 
time (TT), fibrinogen (FIB), D-Dimer (D-D), platelet (PLT) and alkaline phosphatase (AKP) are the risk factors of BM in 
patients with NSCLC (p<0.05). Further multivariate logistic regression analysis suggests that the independent risk 
factors of BM in patients with NSCLC are clinical stage III-IV, TNM stage T1-T3, TNM stage N2-N3, FIB, APTT, D-D 
and AKP (P<0.05). Conclusion: Clinical stage III-IV, TNM stage T1-T3, TNM stage N2-N3, FIB, APTT, D-D and AKP are 
the independent risk factors of BM in patients with NSCLC. Meanwhile, patients with these risk factors should be 
screened in time, which is of great significance to prevent bone related events and relieve pain.
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Introduction

At present, lung cancer (LC) ranks first in inci-
dence and mortality of cancer all over the world 
[1]. Nearly 2 million people die of LC worldwide 
every year. With the increase of environmental 
pollution, the incidence of LC is increasing con-
tinually. In Asia alone, the rate of new-onset LC 
patients has exceeded 50% each year [2], 
which brings huge burden and pain to patients 
and families. There are about 85% non-small 
cell lung cancer (NSCLC) in all types of LC, while 
adenocarcinoma and squamous-cell carcino-
ma are the most common in NSCLC, account-
ing for more than 65% of LC patients [3, 4].

LC patients have no significant signs in the 
early stage. Once diagnosed with LC, they are 
often in the late stage, so it is very difficult to 
cure the disease. The death of patients with 
cancer is usually caused by recurrence or 

metastasis. Bone tissue is one of the most 
important hematogenous metastasis sites in 
the body [5]. It is the most common metastasis 
location besides lung and liver. 30%~40% of 
NSCLC patients will have bone metastasis (BM) 
in the development of the disease, often in- 
volving central axis bone and other sites [6, 7]. 
Moreover, BM can cause bone pain, pathologi-
cal fracture, spinal cord compression, hypercal-
cemia and other adverse symptoms, which se- 
riously affect the prognosis of patients. The 
3-year cumulative survival rate of LC patients 
with BM is almost 0% [6].

The factors that can affect the recurrence, BM 
and survival of patients with NSCLC can be 
roughly divided into three categories. First, the 
patients’ own clinical and pathological factors, 
such as age, smoking, tumor stage, pathologi-
cal type, etc. The second is molecular biomark-
ers in patients’ blood, including coagulation 
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function indicators and tumor markers. Based 
on these indicators, it can be decided whether 
patients can receive targeted treatment. The 
third is interstitial cells in the tumor microenvi-
ronment. It not only provides various growth 
factors for tumor cells, but also secretes vari-
ous factors that promote metastasis and resist 
drugs, which finally assists the dissemination 
of tumor cells [1, 2, 6, 7]. Thus, the above fac-
tors are of great significance in predicting the 
recurrence or BM, and evaluating the prognosis 
of NSCLC. Therefore, analyzing the risk factors 
of BM in patients with NSCLC has important 
clinical value for the prevention and treatment 
of BM.

However, there are few studies on multiple cat-
egories of risk factors of BM in patients with 
NSCLC, for example the combination of clinical 
data and laboratory indicators. This study aims 
to explore the relevant risk factors through mul-
tivariate analysis, in order to provide basis for 
the prevention of BM and bone related events.

Materials and methods

Patient case selection

We obtained ethical approval exemption from 
our ethics committee to perform this study sin- 
ce we didn’t have direct contact with the partici-
pants. Patients treated for NSCLC in database 
records of our hospital were retrospectively 
analyzed from Jan 1, 2018, to Feb 28, 2022 
(updated medical record system was used 
since Jan 1, 2018). 

Inclusion criteria were as follows: 1) patients 
diagnosed as lung adenocarcinoma or squa-
mous-cell carcinoma by pathology; 2) patients 
received bone scintigraphy and were confirmed 
by CT or MRI to have typical imaging manifesta-
tions of BM or not [8]; 3) lower extremity ven- 
ous ultrasound had been conducted to judge 
whether there was thrombosis; and 4) no his-
tory of anti-tumor treatment within half a year. 
Exclusion criteria including: 1) patients with 
liver and kidney diseases or liver adrenal me- 
tastasis in the past; 2) patients with endocrine 
system diseases that affect bone metabolism; 
3) patients with blood system diseases such  
as thrombocytopenic purpura; 4) patients with 
benign bone lesions such as fractures within 1 
year.

All patients were divided into BM group and 
non-BM group. 

Observation indicators

The general clinical data were collected res- 
pectively, including age, sex, smoking, hyper-
tension, diabetes, thrombosis, surgical proce-
dure, tumor location, pathological type, clinical 
stage, and tumor-node-metastasis (TNM) sta- 
ge. Meanwhile, the laboratory indicators (main-
ly coagulation function) of patients were com-
pared, including prothrombin time (PT), pro-
thrombin time activity (PTA), international nor- 
malized ratio (INR), fibrinogen (FIB), activated 
partial thromboplastin time (APTT), thrombin 
time (TT), partial thrombin ratio (PTR), pro-
thrombin ratio (PR), D-Dimer (D-D), blood plate-
let (PLT), and alkaline phosphatase (AKP).

Statistical analysis

Statistical Packages of Social Sciences (SPSS) 
software (version 22.0) was used to analyze 
the collected data. The count data were ex- 
pressed by percentage (%), and chi-square test 
was used for comparisons between groups; the 
measurement data were expressed by mean ± 
SD, and t-test was used for comparison bet- 
ween groups. The risk factors of BM in NSCLC 
patients were screened out by logistic regres-
sion analysis with α=0.05 as the inspection 
level. Meanwhile, P<0.05 was considered sta-
tistically significant for all the above. 

Result

A total of 152 consecutive cases are involved in 
the current study, including 103 males and 49 
females with a mean age of 63.2±8.5 years 
(ranges from 34 to 86 years). There are 67 
cases in BM group and 85 cases in non-BM 
group. The detailed patient information is 
shown in Table 1. 

Univariate analysis

The comparisons between general clinical data 
of the two groups show that the age, sex, smok-
ing, hypertension, diabetes, surgical procedure, 
tumor location, and pathological type of pa- 
tients have no inevitable correlation with BM 
(P>0.05). However, thrombosis, clinical stage 
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Table 1. Comparison of general clinical data between the two groups

Item BM Group (n, %) 
(N=67)

Non-BM Group (n, %) 
(N=85) χ2 p

Sex 0.046 0.812
    Male 47 (70.15) 58 (68.24)
    Female 20 (29.85) 27 (31.76)
Age 2.358 0.194
    ≤60 26 (38.81) 23 (27.06)
    >60 41 (61.19) 62 (72.94)
Smoking 0.247 0.605
    Yes 32 (47.76) 36 (42.35)
    No 35 (52.24) 49 (57.65)
Hypertension 0.319 0.562
    Yes 29 (43.28) 33 (38.82)
    No 38 (56.72) 52 (61.18)
Diabetes 0.186 0.709
    Yes 20 (29.85) 28 (32.94)
    No 47 (70.15) 57 (67.06)
Thrombosis 9.725 0.003*
    Yes 7 (10.45) 2 (2.35)
    No 60 (89.55) 83 (87.65)
Surgical procedure 1.364 0.258
    Thoracotomy 23 (34.33) 35 (41.18)
    Thoracoscope 19 (28.36) 40 (47.06)
    Without operation 25 (37.31) 10 (11.76)
Tumor location 0.137 0.723
    Left 25 (37.31) 29 (34.18)
    Right 42 (62.69) 56 (65.82)
Pathological type 3.092 0.095
    Adenocarcinoma 50 (74.63) 57 (67.06) 
    Squamous carcinoma 17 (25.37) 28 (32.94)
Clinical stage 12.476 <0.001*
    Stage I-II 12 (17.91) 32 (37.65)
    Stage III-IV 55 (82.09) 53 (62.35)
TNM-T stage 18.851 <0.001*
    Stage T1-T3 46 (68.66) 30 (35.29)
    Stage T4 21 (31.34) 55 (64.71)
TNM-N stage 10.248 0.001*
    Stage N0-N1 19 (28.36) 37 (43.53)
    Stage N2-N3 48 (71.64) 48 (56.47)
BM (bone metastasis), TNM (tumor-node-metastasis). *The result has statistical significance. 

(III-IV) and TNM stage (T1-T3, N2-N3) are close-
ly related to BM in NSCLC patients, which have 
statistical significance (P<0.05) (Table 1).

The comparisons between relevant laboratory 
indicators of the two groups show that the PT, 
APTT and TT in BM group are significantly lower 

than those in non-BM group, while the FIB, D-D, 
PLT and AKP in BM group are significantly high-
er than those in non-BM group (p<0.05) (Table 
2).

Therefore, thrombosis, clinical stage (III-IV), 
TNM stage (T1-T3, N2-N3), PT, APTT, TT, FIB, 
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Table 2. Comparison of laboratory indicators between the 
two groups

Item BM Group (Mean 
± SD) (N=67)

Non-BM Group 
(Mean ± SD) (N=85) t p

PT 10.12±1.68 11.74±1.95 -5.074 <0.001*
PTA 90.65±21.32 98.93±37.46 -1.125 0.297
INR 1.04±0.28 1.12±0.19 -0.703 0.642
FIB 4.49±1.20 3.75±1.53 2.487 0.035*
APTT 21.73±7.84 27.85±10.29 -10.914 <0.001*
TT 12.97±1.75 14.68±2.01 -3.058 0.010*
PTR 1.01±0.42 0.94±0.28 1.876 0.259
PR 0.97±0.31 1.01±0.25 -0.361 0.728
D-D 0.72±2.54 0.29±1.06 14.475 <0.001*
PLT 319.47±121.62 282.43±113.75 2.246 0.029*
AKP 125.31±72.28 97.06±56.33 6.306 <0.001*
BM (bone metastasis), PT (prothrombin time), PTA (prothrombin time activ-
ity), INR (international normalized ratio), FIB (fibrinogen), APTT (activated 
partial thromboplastin time), TT (thrombin time), PTR (partial thrombin 
ratio), PR (prothrombin ratio), D-D (D-Dimer), PLT (blood platelet), AKP 
(alkaline phosphatase). *The result has statistical significance.

D-D, PLT and AKP are the risk factors of BM by 
univariate analysis. 

Multivariate logistic regression analysis

Taking BM as the dependent variable Y, the 
occurrence of BM is defined as Y=1, and the 
non occurrence of BM is defined as Y=0. Take 
the indicator which has significant difference 
between the two groups as the independent 
variable X, and assign a value to it. Thrombo- 
sis, clinical III-IV stage, T4 stage, N2-N3 stage, 
PT>13 s, FIB>4.4 g/L, APTT>37 s, TT>18 s, 
D-D>0.23 mg/L, PLT>300×109/L, AKP>135 
U/L (female) and AKP>125 U/L (male) are all 
assigned as 1, and other corresponding items 
are assigned as 0. The results show that there 
are 7 independent risk factors in the multivari-
ate logistic regression analysis, including clini-
cal stage III-IV, TNM stage T1-T3, TNM stage 
N2-N3, FIB, APTT, D-D and AKP, as shown in 
Table 3.

Discussion

BM can be divided into three types according  
to the pathological characteristics: osteolytic, 
osteogenic, and mixed type [9]. Osteolytic BM 
is common in LC, and its predilection sites are 
spine, ribs, femur and sternum. Most patients 
with BM will have various complications, which 
not only affect the quality of life, but also pre-

dict the shorter survival of patients. 
Therefore, clinicians should pay close 
attention to BM and determine the 
corresponding prevention and treat-
ment strategies.

At present, there are many factors 
affecting BM of LC, including age, 
sex, pathological type, a number of 
primary focus, number of BM, treat-
ment plan and serum markers [10]. 
Oliveira et al. [11] conduct a retro-
spective study on 413 LC patients, 
pointing out that the risk of BM in 
adenocarcinoma is higher than in sq- 
uamous-cell carcinoma. Another co- 
hort study in Brazil finds that the age 
at diagnosis is negatively correlated 
with the risk of BM (the risk of BM 
decreases by approximately 3% for 
each increased 1 year of age), and 
adenocarcinoma and minimally inva-
sive resection of NSCLC are correlat-

ed with higher risk of BM [12]. Our result show 
that 41 of 67 patients (61.19%) with BM are 
older than 60, and the surgical procedure and 
pathological type have no significant effect on 
BM, which are inconsistent with the previous 
study. On the one hand, it may be correlated 
with the late clinical stage (71.05% stage III-IV) 
which can increase the risk of BM. On the other 
hand, it may be related to the regional and eth-
nic differences of the subjects. 

Clinical stage is an important prognostic factor 
of LC. Studies have confirmed that BM in elder-
ly patients with LC is related to clinical stage 
and differentiation degree of the primary can-
cer, while further analysis finds that the later 
the stage is, the earlier the occurrence of BM 
[13, 14]. Similarly, TNM stage is correlated with 
the prevalence of BM in LC patients. With the 
increase of lymph nodes involvement, the prev-
alence of BM tends to rise [15, 16]. In addition, 
Ayan et al. [17] believe that stage T3 is one of 
the independent factors of BM in NSCLC pa- 
tients, and stage N2 is correlated with higher 
risk of BM. Our results show that there are sig-
nificant differences between the two groups 
when in stages T1-T3 and N2-N3, indicating 
that patients are more prone to BM at these 
stages.

Recent data show that more than 30% of 
NSCLC patients have BM [18]. Scholars have 
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Table 3. Logistic regression analysis of BM risk factors
Item B SE Wald OR (95% CI) p
Thrombosis 0.582 0.036 2.774 3.688 (1.047-6.329) 0.091
Clinical stage III-IV 0.724 0.289 5.371 2.656 (1.168-4.143) 0.023*
TNM stage T1-T3 1.037 0.341 7.102 3.339 (1.382-5.295) 0.005*
TNM stage N2-N3 0.692 0.215 4.146 4.832 (2.047-7.616) 0.034*
PT -0.146 0.024 2.259 0.997 (0.986-1.008) 0.117
APTT -1.282 0.368 8.941 0.604 (0.275-0.932) <0.001*
TT -0.091 0.005 1.273 0.998 (0.991-1.005) 0.241
FIB 0.875 0.083 4.912 1.533 (1.128-1.937) 0.018*
D-D 1.469 0.592 21.788 1.896 (1.315-2.476) <0.001*
PLT 0.008 0.006 0.079 1.008 (0.998-1.017) 0.356
AKP 1.385 0.394 12.041 2.470 (1.274-3.665) <0.001*
BM (bone metastasis), TNM (tumor-node-metastasis), PT (prothrombin time), APTT (activated partial thromboplastin time), TT 
(thrombin time), FIB (fibrinogen), D-D (D-Dimer), PLT (blood platelet), AKP (alkaline phosphatase). *The result has statistical 
significance.

found that the coagulation function of many 
patients with cancer is abnormal, while part of 
them are characterized by hypercoagulability 
and prone to thrombosis, which is the prerequi-
site for blood metastasis of tumor cells [19]. 
This study indicates a significant difference in 
BM between patients with and without throm-
bus, suggesting that BM is more likely to occur 
when there is thrombosis.

FIB turns into fibrin monomer under the action 
of thrombin, and then further crosslinks into 
fibrin. Study have found that when the content 
of fibrin increases to a certain level, it will ca- 
use irreversible damage to vascular endothelial 
cells and promote the aggregation of PLT in 
blood [20]. FIB is a stress protein in the acute 
phase. Riihimäki et al. [21] point out a close 
correlation between FIB and metastasis of 
malignant tumors. This correlation mainly acts 
as a bridge which can increase the content of 
leukocytes, promote the adhesion between PLT 
and tumor cells, and thus protect tumor cells 
from damage. APTT mainly reflects whether the 
endogenous coagulation function of the body is 
normal. The decrease of APTT indicates that 
the body is in hypercoagulable state and may 
have a thrombotic disease. D-D reflects the 
fibrinolytic function. The increase of D-D us- 
ually indicates hypercoagulable state, second-
ary hyperfibrinolysis, disseminated intravascu-
lar coagulation and other diseases [22]. The 
current study finds that there are significant  
differences in FIB, APTT and D-D between BM 
group and non-BM group. Therefore, we specu-
late that patients with NSCLC are more prone 
to BM when they are in hypercoagulable state.

Osteoblasts will secrete AKP to repair the dam-
aged bone if there is bone-destructive disea- 
se (fracture, malignant bone tumor, etc) [23]. 
Thus, AKP increases significantly when BM oc- 
curs. Kang et al. [24] have reported that the 
level of AKP in LC patients with BM is higher 
than those without BM. However, many other 
factors can lead to the increase of AKP, such  
as liver diseases or liver metastasis. Therefore, 
those factors are excluded in this study to 
ensure the inclusion criteria. Our results show 
that compared with non-BM group, the AKP in 
BM group is significantly increased, which is 
consistent with most studies [24, 25].

In this study, the results of univariate analysis 
show that thrombosis, clinical stage, TNM sta- 
ge, PT, APTT, TT, FIB, D-D, PLT and AKP are the 
risk factors of BM in patients with NSCLC. 
However, after further multivariate logistic re- 
gression analysis, it is found that the indepen-
dent risk factors of BM in patients with NSCLC 
are clinical stage III-IV, TNM stage T1-T3, TNM 
stage N2-N3, FIB, APTT, D-D and AKP. These 
findings suggest that the above factors have 
important clinical significance in judging BM of 
NSCLC.

There are some limitations in this study. Firstly, 
the relatively small sample size (because of  
our newly updated medical record system). 
Expanding our sample population will better 
balance the cases in each clinical stage, elimi-
nate data bias and reduce errors as much as 
possible. Secondly, this is a study of single cen-
ter, which relatively limiting the research region. 
Therefore, high-quality, large sample, and mul-
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ticenter studies should be performed in our 
future clinical work to provide spine surgeons 
with the best evidence-based information.

Conclusion

In conclusion, clinical stage III-IV, TNM stage 
T1-T3, TNM stage N2-N3, FIB, APTT, D-D and 
AKP are the independent risk factors of BM in 
patients with Patients with these risk factors 
should be screened in time, which is of great 
significance to prevent bone related events and 
relieve pain. In addition, these risk factors may 
be considered as predictors of BM in patients 
with LC, providing evidence for the prevention 
and diagnosis of NSCLC in future work.
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