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Abstract

Background: The aim of this study was to establish a regression equation model of serum bone metabolism
markers. We analyzed the diagnostic value of bone metastases in lung cancer and provided laboratory evidence for
the early clinical treatment of bone metastases in lung cancer.

Methods: A total of 339 patients with non-metastatic lung cancer, patients with lung cancer with bone metastasis,
and patients with benign lung disease who were treated in our hospital from July 2012 to October 2015 were
included. A total of 103 patients with lung cancer in the non-metastatic group, 128 patients with lung cancer
combined with bone metastasis group, and 108 patients with benign lung diseases who had nontumor and
nonbone metabolism-related diseases were selected as the control group. Detection and analysis of type | collagen
carboxyl terminal peptide [3-special sequence (3-CTX), total type | procollagen amino terminal propeptide (TPINP),
N-terminal-mid fragment of osteocalcin (N-MID), parathyroid hormone (PTH), vitamin D (VitD3), alkaline
phosphatase (ALP), calcium (CA), phosphorus (P), cytokeratin 19 fragment (F211), and other indicators were
performed. Four multiple regression models were established to determine the best diagnostic model for lung
cancer with bone metastasis.

Results: Analysis of single indicators of bone metabolism markers in lung cancer was performed, among which
F211, B-CTX, TPINP, and ALP were significantly different (P < 0.05). The ROC curve of each indicator was less than
0.712. Based on the multiple regression models, the fourth model was the best and was much better than a single
indicator with an AUC of 0.856, a sensitivity of 70.0%, a specificity of 91.0%, a positive predictive value of 82.5%, and
a negative predictive value of 72.0%.

Conclusion: Multiple regression models of bone metabolism markers were established. These models can be used
to evaluate the progression of lung cancer and provide a basis for the early treatment of bone metastases.
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Background

Lung cancer is one of the most common malignant tu-
mors, and its morbidity and mortality remain high. The
incidence of lung cancer has leapt to the top in the
world [1, 2]. Clinically, recommended guidelines for the
diagnosis of bone metastases in lung cancer show that
identification of bone metastases in lung cancer primar-
ily relies on imaging findings. According to relevant sta-
tistics, approximately 70% of lung cancer patients are
often in the middle or advanced stages when bone me-
tastases occur, at which point they have lost the oppor-
tunity to undergo radical surgery for lung cancer. The
average 5-year expected survival rate is not ideal. At
present, there are few clinically effective prediction
methods for bone metastases in lung cancer [3-5]. Stud-
ies have shown that different types of molecules, host
cells, and the extracellular microenvironment participate
in cancer cell interactions during bone metastasis in
lung cancer, including osteoclast-mediated bone resorp-
tion and osteoblast-mediated bone formation. Some-
times they also interact with each other [6-8].
Therefore, we speculate that biochemical bone metasta-
ses are likely to occur before imaging bone metastases.
To further improve the level of prediction, diagnosis,
and disease monitoring of bone metastases in lung can-
cer [9], this study used existing clinical laboratories to
detect biochemical markers of bone metabolism, con-
duct joint analysis, and establish logistic regression equa-
tions for multiple combined models. We sought to
determine the early diagnostic value of bone metastases
in lung cancer.

Methods

Patients

A total of 339 patients with non-metastatic lung cancer,
patients with lung cancer with bone metastases, and
patients in the benign disease control group were
enrolled from July 2012 to October 2015. One hundred
three cases of lung cancer without bone metastasis
(hereinafter referred to as the non-metastatic group),
including 64 males and 39 females, with an average age
of 64 + 12years were included. One hundred twenty-
eight cases of lung cancer combined with bone metasta-
sis (hereinafter referred to as the metastasis group), in-
cluding 79 males and 49 females, with an average age of
64 + 11years were included. One hundred eight cases

Table 1 Demographics of the three groups of patients
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with nontumor and nonbone metabolism-related dis-
eases were selected as controls (hereinafter referred to as
the control group), including 67 males and 41 females
with an average age of 65 + 12 years. The present study
was approved by the Ethics Committee of the hospital,
and as a retrospective study, the requirement for
informed patient consent was waived (Table 1).

Diagnostic and exclusion criteria

The diagnostic criteria for lung cancer with bone metas-
tasis are the “Expert Consensus on the Diagnosis and
Treatment of Bone Metastasis in Lung Cancer (2019
version).” It should meet one of the following two condi-
tions [10]: @ a clinical or pathological diagnosis of lung
cancer and bone biopsy showing lung cancer metastasis;
® the pathological diagnosis of lung cancer is clear, and
the imaging examination has typical bone metastases.
Imaging examinations included ECT, MRI, PET-CT, CT,
and X-rays. Exclusion criteria for lung cancer bone me-
tastasis should meet one of the following two conditions:
@ clinically diagnosed as other malignant tumors; @
clinically diagnosed bone metabolic diseases include
osteoporosis, endocrine bone disease, renal bone disease,
deformable osteitis, and hereditary bone disease. Basic
case information, such as age, sex, time of onset, labora-
tory indicators, and imaging reports, was collected
according to the selected and excluded indicators.

Main experimental reagents and equipment

The B-CTX determination kit, TPINP determination kit,
N-MID determination kit, PTH determination kit, VitD3
determination kit, and F211 determination kit were pro-
vided by Roche Diagnostics, Switzerland; the ALP deter-
mination kit, CA determination kit, and P determination
kit were provided by Beckman-Coulter, USA. The E170
automatic  immunoluminescence  instrument and
automatic sample preprocessing pipeline system were
provided by Roche Diagnostics, Switzerland. The Olym-
pus AU5400 automatic biochemical analyzer was pro-
vided by Beckman-Coulter, and an MDEF-U281 low-
temperature refrigerator was provided by Japan Sanyo
Corporation.

Detection method
All patients required fasting for more than 10h. The
following morning, 5ml of fasting elbow venous blood

Characteristics Non-metastatic (n = 103)

Metastatic (n = 128) Control (n = 108)

Age (years) 64+ 12
Female 39
Male 64

F/M 0.61:1

64 £ 11 65+ 12
49 41

79 67
0.62:1 061:1
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Fig. 1 The units for the indicator are as follows: P (mmol/L), CA (mmol/L), PTH (pg/ml), ALP (U/L),
TPINP (ng/ml), and N-MID (ng/ml). (a) Metastasis group compared to the control group (P < 0.05).
metastatic group (P < 0.05)

F211 (ng/ml), B-CTX (pg/ml), VITD3 (ng/ml),
(b) Metastasis group compared to the non-
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was drawn and loaded into a BD yellow tube. After
coagulation, the samples were centrifuged at 2465 (xg)
for 10 min, and then the serum was detected according
to the requirements of the reagent instructions. We ana-
lyzed bone metabolism markers, found indicators with
significant differences between groups, and excluded
indicators without significant differences. We calculated
the sensitivity, characteristics, and critical points and
evaluated the diagnosis of each indicator performance.
Multifactor regression analysis was used to establish
multiple logistic regression models of combined models
to evaluate their diagnostic performance for lung cancer
bone metastases.

Statistical analysis

SPSS 16.0 statistical software was used for statistical
analysis. P and CA are expressed as the means *
standard error of the mean. Statistical analysis was
performed using Student’s t test. B-CTX, TPINP, N-
MID, PTH, VitD3, ALP, and F211 are expressed as
the non-normal distribution errors. Statistical analysis
was performed using nonparametric tests. Logistic
regression analysis was used to establish a diagnostic
model (inclusion criteria: P < 0.05, exclusion criteria:
P > 0.05). P < 0.05 was considered to indicate a
statistically significant difference.

Results

Bone metabolism marker characteristics

We explored the clinical relevance of various indexes in
the lung cancer bone metastasis, lung cancer non-
metastasis, and control groups (Fig. 1). The levels of P,
ALP, B-CTX, TPINP, and F211 in the lung cancer non-
metastatic group were significantly different from those in
the control group (P < 0.05). The levels of P, CA, ALP, B-
CTX, TPINP, N-MID, and F211 in the lung cancer bone
metastasis group were significantly different from those in
the control group (P < 0.05). Furthermore, the levels of
CA, ALP, B-CTX, and TPINP in the lung cancer bone
metastasis group were significantly different from those in
the non-metastatic lung cancer group (P < 0.05).

Single marker analysis

We first examined the diagnostic performance of single
markers in bone metastases of lung cancer. The per-
formance of various indicators for diagnosis is shown in
Table 2. The selected indicators were F211, B-CTX,
TPINP, and ALP. The areas under the curve (AUCs)
were 0.588, 0.687, 0.712, and 0.635, respectively. Among
them, the AUC of TPINP was the largest at 0.712. The
sensitivity of TPINP for the diagnosis of bone metastasis
was 60.9%, and the specificity was 78.4%.
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Table 2 Diagnostic performance of various indicators

Indicator Cut-off AUC Sensitivity Specificity PPV~ NPV
F211 7400 0588 0.502 0.765 0660 0.667
B-CTX 601.000 0.687 0555 0.794 0649 0451
TPINP 64200 0712 0.609 0.784 0574 0451
ALP 122500 0635 0523 0.882 0711 0600
N-MID 19350 0543 0409 0.767 0.186 0781
PTH 65300 0529 0236 0913 0.088 0922
Ca 2.385 0406 0.142 0.864 0324 0.727
P 0.945 0499 0717 0.032 0.000  1.000
VITD3 30550 0422 0.165 0.903 0.100 0875

Multiple regression model analysis
For multivariate regression analysis, B-CTX, TPINP, CA,
and ALP were selected (Table 3), and logistic regression
models were established: model 1: B-CTX+TPINP;
model 2: B-CTX+TPINP+CA; model 3: p-CTXx TPINP;
and model 4: B-CTXxTPINP + ALP + CA.

Logistic model regression equations are as follows:

pl=-1764+2 x 107 (B-CTX) + 1.6 x 107> (TPINP)

p2 = 4.645 + 2 x 107 %(B-CTX) - 2.58(CA) + 1.6 x 107>
(TPINP)

p3 = B-CTX x TPINP

p4 = 5011 + 2.6 x 10°(B-CTX x TPINP) + 4.107> x
(ALP) — 2.779(CA)

Discussion

Lung cancer remains the leading cause of cancer-related
mortality worldwide. Bone metastases from lung cancer
cause great pain to patients. X-ray is the most conveni-
ent and economical routine modality for bone examin-
ation [11, 12]. However, it is not sensitive to small bone
metastases less than 1 cm. Single-photon emission com-
puted tomography (SPECT) also shows a dense
phenomenon for bone trauma, inflammation, degener-
ation, and other lesions, which is easily misdiagnosed as
cancerous bone metastasis, leading to false positives
[13]. Magnetic resonance imaging (MRI) is performed
for metastases that cannot be clearly identified. How-
ever, with in-depth study of the mechanism of bone me-
tastasis, we found that we can monitor changes in bone
metabolism biochemical markers to determine whether
lung cancer is associated with bone metastases [14].

Table 3 Diagnostic performance of the models

Models Cut-off AUC  Sensitivity Specificity PPV~ NPV
p1 17.300 0836 0.781 0.740 0617 0641
P2 7.350 0813 0.788 0.773 0.740 0680
p3 26645460 0829 0785 0.825 0654 0718
p4 4480 0.856 0.700 0.910 0825 0.720
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After reasonable and scientific screening of bone
metabolism markers and monitoring their levels [15],
it was found that there was a correlation with bone
metastases in lung cancer [16, 17]. Studies have
shown that lung cancer stem cells transfer lung can-
cer cells to the bone in three steps: the first step is
to escape from the primary tumor, the second step is
to circulate, and the third step is to settle in the
bone. Lung cancer bone metastasis is a complex cel-
lular biological transformation in which there are in-
teractions with host cells and the extracellular
microenvironment by the cancer cells [18]. B-CTX is
a marker of bone resorption. It can be detected when
released into the blood after osteolysis and is used to
detect bone metastases. TPINP is a marker of bone
formation. Levels of TPINP in the blood are positively
correlated with the levels of collagen synthesized by
osteoblasts, which reflect the activity of osteoblasts.
TPINP is not easily degraded in the blood and is less
affected by hormones. It is used as a follow-up indi-
cator for monitoring bone metastases.

Our study observed that the bone metabolism markers
B-CTX, TPINP, N-MID, P, CA, and ALP were signifi-
cantly different between the lung cancer with bone me-
tastasis group and the non-metastatic group. Markers
are involved in the process of bone metastasis. Among
them, the sensitivity of B-CTX was only 60.2%, the speci-
ficity was 79.4%, the positive predictive value was 56.3%,
and the negative predictive value was 45.1%. The sensi-
tivity of TPINP was 60.9%, the specificity was 78.4%, the
positive predictive value was 57.4%, and the negative
predictive value was 45.1%. These findings illustrate that
the performance of simultaneous positive prediction and
negative prediction using a single indicator is poor. In
this paper, multivariate logistic regression analysis was
performed for each individual bone metabolism marker.
Four different combination models were established.
The sensitivity of combination 4 was 70.0%, the specifi-
city was 91.0%, and the positive predictive value was
82.5%, while the negative predictive value was 71.8%. It
follows that the diagnostic performance of the combined
fourth model is the best. The combined fourth model re-
flects changes in the activity of osteoblasts and osteo-
clasts [19-21]. These indicators can be easily identified
by testing the blood. Clinically, this fourth model can be
used to evaluate the progression of lung cancer and pro-
vide a basis for the early treatment of bone metastases.

Conclusion

Establishing multiple regression models of bone metab-
olism markers represents a method to evaluate the pro-
gression of lung cancer and provides a basis for the early
treatment of bone metastases.
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Abbreviations

TPINP: Total type | procollagen amino terminal propeptide; 3-CTX: Type |
collagen carboxyl terminal peptide 3-special sequence; N-MID: N-Terminal-
mid fragment of osteocalcin; PTH: Parathyroid hormone; ALP: Alkaline
phosphatase; CA: Calcium; P: Phosphorus; F211: Cytokeratin 19 fragment;
MRI: Magnetic resonance imaging; SPECT: Single-photon emission computed
tomography
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