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Summary

 Background: Studies show markers of bone turnover can help the clinician in the diagnosis and follow-up of 
bone metastases. The present study aimed to investigate the value of biochemical markers of bone 
turnover in the diagnosis and prognosis of bone metastases of malignant tumors.

 Material/Methods: The serum levels of C-Telopeptide-Cross-Linked Type I Collagen (CTx), Procollagen Type I 
N-Terminal Propeptide (PINP), Bone-Specific Alkaline Phosphatase (B-ALP) and Osteocalcin 
(OST) in patients with bone metastases and control subjects were measured using radioimmuno-
assay and immunochemiluminescent assay.

 Results: The levels of CTx, PINP, B-ALP and OST in the metastasis group were significantly higher than 
those in both control groups and correlated with the number of bone metastatic sites. The levels 
of these markers were higher in prostate cancer patients with bone metastasis. The CTX of >426 
ng/ml had the highest sensitivity and NPV, and PINP of >51.21 ng/ml had the highest specificity 
and PPV in healthy subjects. In addition, CTX of >547 ng/ml had the highest sensitivity and OST 
of >20.34 ng/ml the highest specificity in the non-metastasis group. Furthermore, both B-ALP of 
>15.55 ng/ml had relatively high negative predictive value and positive predictive value.

 Conclusions: Biochemical markers of bone turnover, including CTx, PINP, B-ALP and OST, play important roles 
in the diagnosis and prognosis of metastatic bone cancer. CTX had a high sensitivity, and PINP 
had a high specificity in predicting bone metastasis. B-ALP is an ideal biochemical marker of bone 
turnover for metastatic bone cancer.
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Background

The bone is a common site of metastasis for a number of 
different cancers; bone metastasis may be observed in ap-
proximately 80% of patients with malignant tumors at the 
advanced stage. Bone metastases of malignant tumors refer 
to the bone cancer secondary to a primary malignant tumor 
through blood circulation or in other ways. According to the 
types of bone lesions, metastatic bone cancer can be clas-
sified into osteolytic lesion, osteoblastic lesion and mixed 
lesion. Clinically, the determination of the type of bone le-
sions is mainly based on imaging.

In respect to metastatic bone cancer, the clinical diagnosis 
rate is far lower than the actual incidence. Currently, the cy-
tological characteristics are the criterion standard in the di-
agnosis of metastatic bone cancer. Other examinations such 
as X-ray computed tomography (X-CT), magnetic resonance 
imaging (MRI), and bone scan have their own advantages 
and disadvantages in the diagnosis of metastatic bone cancer. 
In recent years, increasing attention has been focussed on 
the biochemical markers of metastatic bone cancer [1], and 
several relatively stable and accurate methods have been de-
veloped which play an important role in the diagnosis of dis-
eases with abnormal bone metabolism. These bone markers 
include osteocalcin (OST), total alkaline phosphatase (TALP), 
bone-specific alkaline phosphatase (B-ALP), procollagen type 
I N-terminal propeptide (PINP), carboxyterminal propeptide 
of type I collagen (PICP), pyridinoline crosslinks (PYD), de-
oxypyridinoline crosslinks (DPD), cross-linked carboxyter-
minal telopeptide of type I collagen (ICTP), C-telopeptide-
cross-linked type I collagen (CTX), N-telopeptide of type I 
collagen (NTX) and tartrate-resistant acid phosphatase 5b 
(TRAP 5b). The concentrations of the bone markers TAP, 
BAP, PINP, PYD, DPD and ICTP were significantly higher in 
patients with bone metastasis than in those without bone me-
tastasis [2]. In osseous metastasis, even though not statisti-
cally significant, TRAP 5b increased in patients with a small 
bone metastatic burden and NTX increased in patients with 
extensive bone metastatic burden [3]. Takahashi [4] and 
Leeming et al. [5] found that biomarkers of bone metabo-
lism seem more important than other tumor markers in pre-
dicting the response to treatment of metastatic bone cancer. 
Bone metabolic markers can also be used to predict the sur-
vival and/or incidence of bone- relevant events. Lipton et al. 
[6] revealed early normalization of elevated baseline NTX 
while receiving zoledronic acid is associated with longer event-
free and overall survival times compared with persistently el-
evated NTX. These findings demonstrate that bone metabol-
ic markers will be beneficial for monitoring and predicting 
the prognosis of bone metastasis. In the present study, the 
serum levels of biomarkers of bone metabolism, including 
OST, B-ALP, PINP, and CTX, were measured and the value 
of these biomarkers in the diagnosis and prognosis of meta-
static bone cancer was evaluated.

Material and Methods

Patients

This study was approved by the Ethics Committee of the Sixth 
People’s Hospital, Shanghai JiaoTong University. Informed 
consent was obtained from each patient before the study be-
gan. This trial is a retrospective study and 2 control groups 

were included in the present study – 1 control group consist-
ed of 330 patients with the history of surgery for malignant 
tumors but currently without metastasis and/or recurrence 
(Control group 1), and the other consisted of 246 healthy 
subjects (Control group 2). The metastasis group included 
216 patients (114 males and 102 females) with metastatic 
bone cancer from January 2007 to December 2009. Follow-
up was performed from the first discharge to October 30, 
2010. The age and sex of subjects were not significantly dif-
ferent among the 3 groups.

Inclusion criteria: 1) the malignant tumor was proved by cy-
topathology or histopathology; 2) malignant tumors were at 
stage III or IV; 3) informed consent was obtained.

Exclusion criteria: 1) with metabolic bone diseases; 2) 
bisphosphonate, hormone, and calcium were administered 
within 4 weeks prior to study; 3) traumatic bone fracture 
within 90 days; 4) radiotherapy within 4 weeks prior to study; 
5) pregnant or breastfeeding women; 6) severe comorbidi-
ties (eg, hyperglycemia); 7) blood creatinine clearance rate 
(CCr) >2 mg/dl; 8) corrected serum calcium ≥12 mg/dl; 
9) serum total bilirubin >2.5 mg/dl.

Diagnosis and grouping

Metastatic bone tumors were examined by CT, MRI or X-ray 
in all patients in the metastasis group. Among them, meta-
static cancer was diagnosed by fine needle aspiration biopsy 
in 158 patients. The diagnosis of metastatic bone cancer in 
patients without definite pathological findings was made by 
more than 2 experienced physicians based on findings on 
imaging. In patients with a history of cancer, metastatic bone 
tumors were excluded by single photon emission computed 
tomography (SPECT). Patients with metastatic bone cancer 
were further divided into 3 subgroups according to the scores 
of the Visual Analogue Scale (VAS): mild bone pain group 
(VAS score 0–3), moderate bone pain group (VAS score 4–6), 
and severe bone pain group (VAS score 7–10). According to 
the number of metastatic sites (Soloway score) [7] these pa-
tients were divided into 4 subgroups: patients with fewer than 
6 bone metastatic sites; patients with fewer than 20 bone met-
astatic sites; patients with more than 20 bone metastatic sites, 
and patients with more than 20 bone metastatic sites, 75% of 
which were in costa, vertebra or pelvis.

Laboratory examinations

Sample collection and processing

Fasting venous blood (2 ml) was collected in the early morn-
ing and kept for 2~3 h at room temperature followed by 
centrifugation at 3500 r/min for 10 min. The serum was 
collected and stored at –20°C.

Measurement of biomarkers related to bone metabolism

PINP was measured with kits (Orion Diagnostica, Finland) 
by radioimmunoassay according to manufacturer’s instruc-
tions. Serum OST and CTX were measured with automat-
ed electro-chemo-luminescence immunoassay equipment 
(Elecsys 2010, Roche) and agents were provided by Roche. 
B-ALP was detected with biotin-avidin ELISA with quanti-
tative assay kits provided by IDS, UK.
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Statistical analysis

Statistical analysis was performed with SPSS version 13.0 and 
MedCalc 7.2 (Mariakerke, Belgium). The means (standard de-
viation) in each group were analyzed and compared with LSD’s 
test of one-way ANOVA. The multivariate survival analysis was 
done with log rank test of the Kaplan-Meier product-limit meth-
od. A value of P<0.05 was considered statistically significant.

results

General Information

The distribution of patients with different numbers of met-
astatic sites is shown in Table 1. Previous studies found that 

the levels of bone metabolic markers were correlated with 
age, sex, and metastasis in visceral organs. The correlations 
of bone metabolic markers with age, sex, etc were analyzed 
in the subjects of this study (Table 2).

Results showed there were no significant correlations be-
tween factors affecting bone metabolism and bone meta-
bolic markers, which indicates the consistency of statisti-
cal homogeneity.

Bone metabolic markers in different groups

Sex, age and pre- or post-amenorrhea for females was 
matched between the metastasis group and 2 control groups, 
showing no statistically significant differences (Table 3). 

Cancer patients 
with bone metastases (%)

Cancer patients 
without bone metastases (%)

Healthy 
subjects (%) P value

Gender

Female  102 (47.2)  160 (48.5)  93 (37.8) 0.097

Male  114 (52.8)  170 (51.5)  153 (62.2)

Age (years)

<45  25 (11.6)  50 (15.2)  33 (13.4) 0.667

45–55  69 (31.9)  90 (27.3)  69 (28.0)

>55  122 (56.5)  190 (57.6)  144 (58.5)

Primary cancer

Lung  122 (56.48)  162 (49.09) 0.189

Breast  39 (18.06)  57 (17.27)

Prostate  22 (10.19)  51 (15.45)

unknown  33 (15.28)  60 (18.18)

Table 1. General Information among the three groups (Pearson Chi-Square test).

Table 2. Factors affecting bone metabolism.

Factors Number 
(%)

CTX
P value 

OST
P value

B-ALP
P value

PINP
P value

Gender 0. 004 0. 420 0. 548 0. 153

Female  102 (52.8)

Male  114 (47.2)

Metastasis in visceral organs 0. 143 0. 309 0. 311 0. 611

Yes  159 (73.6)

No  57 (26.4)

Nature of bone destruction 0. 481 0. 531 0. 544 0. 236

Osteogenesis  151 (69.91)

Osteolysis  46 (21.30)

Miscibility  19 (8.80)
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As shown in Table 3, when compared with the non-metas-
tasis group and the healthy group, the levels of bone met-
abolic markers were significantly increased in the metasta-
sis group (P<0.001).

Bone metabolic markers and characteristics of primary 
cancer

The patients in the metastasis group were subdivided based 
on the primary cancer: lung cancer (n=122); prostate can-
cer (n=39); breast cancer (n=22), and metastatic bone can-
cer of unknown cause (n=33). Analysis showed the levels of 
CTX, OST and PINP in prostate cancer patients were mark-
edly higher than those in breast cancer patients and lung 
cancer patients (Table 4) (P<0.05).

Number of bone metastatic sites and bone metabolic 
markers

According to the Soloway score, patients were subdivided 
into 4 groups: group 1 patients had <6 metastatic sites in 
the bone; group 2 patients had <20 metastatic sites; group 
3 patients had >20 metastatic sites; group 4 patients had 

>20 metastatic sites and 75% of sites were in the ribs, ver-
tebrae and pelvis. As shown in Table 5, the levels of bone 
metabolic markers increased with the increase in the num-
ber of metastatic sites. When compared with group 1, the 
levels of CTX, OST, PINP and B-ALP were significantly in-
creased (P<0.05). Furthermore, the levels of CTX, OST, PINP 
and B-ALP were related to the number of metastatic sites.

Bone pain and bone metabolic markers

Patients were classified into those with mild bone pain, mod-
erate bone pain and severe bone pain according to VAS 
score. There was no significant correlation between bone 
metabolic markers and the bone pain intensity (P>0.05).

Specificity and sensitivity of each bone metabolic marker

The cut-off curve was used to analyze the sensitivity and spec-
ificity of each bone metabolic marker – “1” represents can-
cer patients without metastasis and “2” represents healthy 
controls. When compared with patients without metastasis, 
the CTX had the highest sensitivity and PINP had the high-
est specificity. When compared with healthy controls, CTX 

Group CTX (ng/ml) OST (ng/ml) B-ALP (ng/ml) PINP (ng/ml)

Metastasis group  725.51±37.35*,#  18.65±1.18*,#  35.01±2.39*,#  114.7±14.79*,#

Non-metastasis group  379.68±31.40  16.10±1.53  13.81±1.61  45.44±6.87

Healthy group  261.89±12.40  11.50±0.33  13.48±0.33  33.10±1.11

Table 3. Bone metabolic markers in different groups.

* P<0.001 vs. non-metastasis group; # P<0.001 vs. healthy group.

n (%) CTX (ng/ml) OST (ng/ml) B-ALP (ng/ml) PINP (ng/ml)

Lung  122 (56.48)  629.35±47.28  16.64±1.59  34.84±3.14  82.32±13.72

Prostate  39 (18.06)  1044.70±153.55*  32.10±6.82*  67.34±12.85  345.71±98.29*

Breast  22 (10.19)  882.7±130.81*  23.32±2.63*  32.94±5.41  206.8±81.36*

unknown  33 (15.28)  774.27±62.19  17.19±2.08  26.69±12.85  89.45±14.11

Table 4. Primary cancer and bone metabolic markers.

* P<0.05 vs. Prostate cancer patients.

Parameter
(ng/ml)

Amount of bone metastatic sites

1 2 3 4 Correlation 
coefficient P

CTX  604.83±44.29  719.77±38.64*  779.02±74.59  972.25±115.84 0.228 0.003

OST  15.04±1.56  18.79±1.26*  22.38±2.34*  24.61±3.36* 0.297 0.000

B-ALP  30.43±3.04  34.62±4.71*  35.87±2.53*  54.96±7.20* 0.237 0.001

PINP  73.80±10.29  120.85±16.60*  165.26±39.38*  214.13±16.60* 0.328 0.000

Table 5. Bone metabolic markers and amount of bone metastatic sites.

* P<0.05 vs. grade 1; CTX, OST, PINP and B-ALP were associated with the number of metastatic sites.
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had the highest sensitivity and OST had the highest spec-
ificity (Table 6, Figure 1). According to the receiver oper-
ating characteristic (ROC) curve, the cut-off value of each 
marker was obtained, based on which the specificity, sensi-
tivity, positive predictive value (PPV) and negative predic-
tive value (NPV) were calculated. As shown in Table 6, in 
healthy subjects CTX of >426 ng/ml had the highest sensi-
tivity and NPV, PINP of >51.21 ng/ml had the highest spec-
ificity and PPV. In the non-metastasis group, CTX of >547 
ng/ml had the highest sensitivity, OST of >20.34 ng/ml had 
the highest specificity, and B-ALP of >15.55 ng/ml had the 
highest NPV and PPV. Therefore, CTX was considered as 
a sensitive biochemical marker of bone turnover and PINP 

was considered as a specific marker. Based on the NPV and 
PPV, B-ALP may be an ideal marker of bone metabolism.

Survival analysis

The median survival time was 16.00 months (95% CI: 
13.23–18.77 months) for 216 patients until the end of fol-
low-up (Figure 2).

Correlations between biomarkers and survival time

Regression analysis was conducted to analyze the relation-
ships between bone metabolic markers, sex, location of 

Parameter Cut-off value
(ng/ml) Sensitivity (%) 95% CI Specificity (%) 95%CI PPV (%) NPV (%)

B-ALP >19.1* 52.24 45.1–59.3 89.55 84.7–93.3 81.3 68.2

>15.55** 59.20 52.1–66.1 86.67 59.5–98.0 74.5 76.4

CTX >426* 68.06 60.9–74.6 85.80 79.6–90.7 80.7 75.5

>547** 59.64 51.3–65.7 84.21 68.7–93.9 71.4 76.2

OST >18.56* 39.04 32.0–46.4 89.47 85.0–93.0 76.5 62.7

>20.34** 33.16 26.5–40.4 87.50 67.6–97.2 63.5 66.6

PINP >51.21* 56.69 47.6–65.5 90.56 85.3–94.4 84.0 70.6

>57.61** 51.18 42.2–60.1 79.17 57.8–92.8 61.4 71.2

Table 6. Specificity and sensitivity of bone metabolic markers in control groups.

* Healthy group; ** non-metastasis group; PPV – positive predictive value; NPV – negative predictive value.

Figure 1. ROC cruves of B-ALP, CTX, OST and PINP.
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primary cancer, number of bone metastatic sites, or char-
acteristics of metastatic bone cancer versus survival time. 
Results showed the location of primary cancer and PINP 
could affect the survival time.

Survival time and location of primary cancer

The median survival time of patients with primary lung can-
cer, breast cancer, prostate cancer, or other cancers was 17 
months (95% CI: 13.854~20.146), 17 months (12.901~21.099), 
9 months (2.464~15.536) and 14 months (2.464~15.536), re-
spectively. There was no significant difference in the survival 
time among metastatic bone cancer patients with different 
primary cancers (P=0.094>0.05) (Figure 3).

Correlation between each bone metabolic marker and survival 
time

According to the cut-off value (the standard) from the ROC 
curve, data of each group were classified into 2 groups 

– group 0 and group 1. Group 1 was higher than the cutoff 
value and group 0 was lower than the cutoff value. Results 
showed the PINP could affect the survival time (P<0.001) 
(Figure 4).

There were no significant differences between other bone 
metabolic markers, amount of bone metastatic sites, charac-
teristics of metastatic bone cancer and survival time.

discussions

Currently, the criterion standard for the clinical diagnosis 
of metastatic bone cancer is cytological characteristics, but 
this method is invasive. Each radiological examination has 
its own advantages and disadvantages [7]. X-ray has low sensi-
tivity and can only detect lesions in the trabeculae when the 
diameters of bone metastatic sites are ≥1~2 cm. Bone scan 
can detect bone lesions 3–6 months earlier than X-ray, but 
has low specificity and high false positive rate. Thus, it can-
not be used as a standard to evaluate the therapeutic effi-
cacy. CT is radiative, MRI also has limitations, and PET/CT 
is expensive. It is therefore impractical to apply the above 
examinations for dynamically monitoring the changes in 
bone metabolism.

In recent years, new biomarkers of bone metabolism have 
been identified, having relatively high sensitivity and spec-
ificity, and can reflect the bone turnover at an early stage, 
predict the risk for bone fracture, and monitor the thera-
peutic efficacy. Some markers have already been widely ap-
plied in clinical practice [8]. However, there is no consen-
sus on the application of these biomarkers in the clinical 
diagnosis of metastatic bone cancer. The present study in-
vestigated the bone metabolic markers in 216 patients with 
metastatic bone cancer in Shanghai, and the value of these 
markers in the diagnosis and prognosis of metastatic bone 
cancer was evaluated.

Our results showed the levels of B-ALP, BINP, OST, and 
CTX in the metastasis group were significantly higher than 
those in both control groups. However, there were no sig-
nificant differences in the levels of B-ALP, PINP, OST and 

Figure 2. The survival curve of metastatic bone cancer patients.

Figure 3. Survival curves of patients with different primary cancers.

Figure 4. PINP and survival time.
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CTX among patients with osteolytic lesions, osteoblastic le-
sions and mixed lesions. The correlation analysis showed 
the number of bone metastatic sites was strongly correlated 
with each bone metabolic marker. In addition, CTX >426 
ng/ml had the highest sensitivity in patients without me-
tastasis, whereas PINP >51.21 ng/ml had the highest speci-
ficity in healthy subjects in the prediction of bone metasta-
sis, CTX >547 ng/ml had the highest sensitivity, and OST 
>18.56 ng/ml had the highest specificity. Additionally, the 
survival time of patients with bone metastasis of breast can-
cer was longer than patients with other primary cancers, 
whereas there were no significant differences among pa-
tients with other primary cancers. Correlation analysis re-
vealed that PINP was related to the survival time. Regression 
analysis showed the number of bone metastatic sites, the 
characteristics of bone metastasis (osteolytic, osteoblastic 
or mixed), sex and extraskeletal metastasis did not signifi-
cantly affect the survival time.

The maintenance of bone metabolism requires a balance 
between bone resorption by osteoclasts and bone forma-
tion by osteoblasts. The bone metabolism can be reflected 
by biochemical markers through which the viability of os-
teoblasts and osteoclasts can be indirectly observed [9–11]. 
The markers of bone formation include B-ALP, PINP and 
OST, and the markers of bone absorption include CTX.

OST is a non-collagen protein synthesized and secreted by 
osteoblasts and can accumulate in the bone matrix. The lev-
el of OST in the serum is positively correlated with that in 
the bone. OST can reflect the bone turnover and the meta-
bolic activity of the whole skeletal system and has been used 
as a specific biomarker of bone formation [12]. Currently, 
the intact OST is able to be measured in China with ELISA. 
However, the intact OST varies from different subjects, which 
may lead to a false negative result [13]. The electro-chemo-
luminescence assay has excellent stability and was used in the 
present study to measure OST, which can reflect the state of 
bone formation more accurately [14]. The alkaline phos-
phatase is synthesized in the liver and osteoblasts, and has 
been used as a specific marker for the liver and the bone, 
respectively. B-ALP mainly concentrates at the ossification 
sites and is involved in bone formation [15]. It has become 
one of the best markers for the evaluation of bone forma-
tion and bone turnover [16,17]. Moreover, B-ALP can ac-
curately reflect the bone alteration at an early stage. In the 
present study, in healthy subjects and patients without me-
tastasis, B-ALP of >15.55 ng/ml had the highest NPV and 
PPV, suggesting B-ALP is an ideal biomarker of bone turn-
over for the prediction of metastatic bone cancer.

Metastatic bone cancer will also affect the balance between 
the anabolic and catabolic processes at the local site of inva-
sion. The measurement of CTX may thus provide clinical-
ly useful information for diagnosing and monitoring bone 
metastasis in cancer patients [18]. Osteoblasts can synthe-
size procollagen type I and secrete it into the extracellular 
space. After digestion by specific enzymes, the polypeptides 
at both terminals are removed, thus forming collagen type 
I and aggregated collagen fiber. The peptide on its amino-
terminal is PINP, which is a specific and sensitive marker of 
bone formation. It is not affected by hormones and is relative-
ly stable, and thus can be used as a marker in the long-term 
follow-up of patients with metastatic bone cancer [19–21].

Kong et al. [22] found that the increased CTX level had 
the specificity and sensitivity of 65.6% and 68.8%, respec-
tively, in the diagnosis of bone metastasis in non-small cell 
lung cancer patients, and they speculated that CTX could 
be used to screen the bone metastasis of lung cancer, which 
was supported by Ebert et al. [2]. Brasso et al. [23] showed 
the levels of PINP, B-ALP, and CTX increased significant-
ly in patients with bone metastasis of prostate cancer, and 
were correlated with poor prognosis of prostate cancer.

The simultaneous increases of bone formation markers 
and bone absorption markers indicate that the bone for-
mation and bone absorption occur at the same time in pa-
tients with bone metastasis. That is to say, the 2 processes 
– old bone being eliminated by osteoclasts and the miner-
alization and bone formation by osteoblasts – are closely 
coupled. In the bone metastasis of malignant tumors, the 
growth and invasion of cancer cells result in imbalance be-
tween these 2 processes, and regulators relevant to bone 
turnover thus changes, as do bone turnover markers. In 
fact, the osteolytic process and osteoblastic process occur 
simultaneously during the bone metastasis of malignant tu-
mors. Therefore, the markers of bone turnover in these le-
sions were not significantly different.

It was found that some markers of bone turnover in patients 
with bone metastasis of prostate cancer increased significant-
ly when compared with patients with bone metastasis of breast 
cancer except for OST. However, the level of OST in patients 
with bone metastasis of prostate cancer was significantly high-
er than that in patients with bone metastasis of lung cancer. 
Among the 26 prostate cancer patients, 16 had grade 4 can-
cer according to Soloway score, and 7 had grade 3 cancer. The 
grade in Soloway score was higher in prostate cancer patients 
when compared with patients with other primary cancers.

Meanwhile, as the grade in Soloway score increased, the lev-
el of each bone metabolic marker increased significantly. 
However, there was no significant correlation between the 
bone pain intensity and bone metabolic markers. It may be 
that the bone pain is caused by more than 1 factor, and that 
the location of metastatic cancer, periosteum involvement 
and nerve compression (besides bone metabolism abnor-
mality) are all contributing factors.

Moreover, in the prediction of bone metastasis, CTX was 
relatively sensitive. For patients with bone metastasis of ma-
lignant tumors, CTX can be considered as a relatively ideal 
marker, with high sensitivity and favorable specificity, but 
further studies are required to strengthen this conclusion. 
PINP and B-ALP were relatively specific markers. To deter-
mine the bone metastasis, taking the above markers into 
account might increase the sensitivity and specificity [24].

In addition, patients with bone metastasis of breast can-
cer had longer survival time. For these patients, physicians 
should pay more attention to the observation and treat-
ment, in order to achieve better outcomes, extend survival 
time and improve the quality of life.

conclusions

In summary, the bone metabolic markers in the present 
study can used to predict bone metastasis of malignant 
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tumors to a certain extent. CTX is a marker with relatively 
high sensitivity, and OST and PINP are markers with rela-
tively high specificity. These markers can be used to moni-
tor patients with malignant tumors in order to observe and 
monitor the bone metastasis.
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