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Abstract. – OBJECTIVE: This study aimed to 
investigate the diagnostic value of the total ami-
no-terminal propeptide of type 1 procollagen 
(P1NP) and C-terminal telopeptide of β-I colla-
gen (β-CTX) in bone metastasis of patients with 
breast cancer and the correlation between them. 

PATIENTS AND METHODS: The medical re-
cords of 73 patients were retrospectively ana-
lyzed. These patients with breast cancer were 
treated in Oncology, General Surgery, and Or-
thopedic Departments in The Third People’s 
Hospital of Qingdao from March 2014 to April 
2017, including 40 patients with bone metastasis 
(bone metastasis group) and 33 patients with no 
bone metastasis (non-bone metastasis group). 
Other 40 healthy people who received physi-
cal examination in the same period were select-
ed as the control group. The expression of P1NP 
and β-CTX in plasma were detected by the En-
zyme-linked immunosorbent assay, and the cor-
relation between them was analyzed. 

RESULTS: There were significant differenc-
es in P1NP and β-CTX concentrations among 
the three groups (p<0.05). The concentrations 
of P1NP in the control group and the non-bone 
metastasis group were significantly lower than 
that in the bone metastasis group (p<0.05); the 
concentrations of β-CTX in the control group 
and the non-bone metastasis group were sig-
nificantly lower than that in the bone metasta-
sis group (p<0.05). P1NP: AUC=0.852, sensitiv-
ity: 72.5%, specificity: 93.9%, CUT OFF=66.44. 
β-CTX: AUC=0.883, sensitivity: 85.0%, speci-
ficity: 84.8%, CUT OFF=69.8. Joint detection: 
AUC=0.952, sensitivity: 84.8%, specificity: 
99.5%, CUT OFF=99.5. The results of the con-
centrations of P1NP and β-CTX in the bone me-
tastasis group detected by the Pearson correla-
tion analysis showed that their concentrations 
were positively correlated in the bone metasta-
sis group (r=0.764, p<0.05). 

CONCLUSIONS: P1NP and β-CTX in plasma 
have a high diagnostic value for bone metasta-
sis of breast cancer and have important signif-
icance in the diagnosis of bone metastasis and 
disease monitoring.

Key Words: 
P1NP, β-CTX, Breast cancer, Bone metastasis, Diag-

nostic value, Correlation.

Introduction

The statistics show that breast cancer is the 
most common malignant tumor in women and its 
incidence accounts for 32% of female malignant 
tumors, ranking first. It is one of the main causes 
of female cancer death1,2. There are more than 1.3 
million new breast cancer patients in the world 
every year, and the mortality rate is increasing 
year by year3. According to reports, there were 
234,000 breast cancer patients in the United 
States in 2015, and more than 40,000 people die 
from breast cancer every year4. China is a country 
with a high incidence of breast cancer, and it has 
been reported that breast cancer is associated 
with family history, obesity, uncontrolled oral 
contraceptives, and mental pressure5.

Metastasis refers to the bone injury caused 
by a malignant tumor outside the bone tissue 
metastasized by blood. Breast cancer patients 
are most likely to have bone metastasis. The 
data showed that more than 70% of breast cancer 
patients have bone metastasis, and breast cancer 
is most likely to spread to the bone6,7. Once the 
patient has bone metastasis, he will suffer a 
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variety of complications, including pathological 
fracture, spinal cord compression, bone pain, and 
other symptoms, and in severe cases the paralysis 
of the limbs will be caused, which is a serious 
threat to the quality of life8. The total amino-
terminal propeptide of type 1 procollagen (P1NP) 
is an important specific marker of bone formation. 
A study has shown that the abnormal expression 
of P1NP is associated with the development of 
cancer. In particular, the expression of P1NP was 
significantly increased when bone metastasis 
occurred9. The c-terminal telopeptide of β-I 
collagen (β-CTX) is an important marker of bone 
resorption, which is mainly produced by type I 
collagen degradation. According to Hu et al10, 
β-CTX can be easily degraded under normal 
conditions and is less common in blood. When the 
patient’s β-CTX inter-day Coefficient of Variance 
(inter-day CV) exceeds 10%, the probability of 
bone metastasis is significantly increased11. P1NP 
and β-CTX are valuable in the diagnosis of bone 
metastasis in breast cancer11. But, whether there is 
the same effect in patients with breast cancer has 
not been shown in the literature. The diagnosis 
contributes to the control of cancer in advance 
and improves the survival rate. Therefore, by 
detecting P1NP and β-CTX in the plasma of 
patients with breast cancer, we explored both 
values in bone metastasis of breast cancer patients 
and provided a reference for clinical practice.

Patients and Methods

Information and Methods
The medical records of 73 breast cancer 

patients diagnosed by pathological examination 
and treated in Oncology, General Surgery, and 
Orthopedic Departments in The Third People’s 
Hospital of Qingdao from March 2014 to April 
2017 were retrospectively analyzed. The patients 
were divided into bone metastasis group and non-
bone metastasis group according to the existence 
of metastasis, and normal volunteers were 
collected as the control group in this study. All 40 
cases in the bone metastasis group were female, 
with an age range of 30-56 years and an average 
age of (50.5±4.9) years, and the number of bone 
metastasis was 1.33±0.57. All 33 patients in the 
non-bone metastasis group were female, with an 
age range of 45-55 years and an average age of 
(49.9±5.1) years. All 40 cases in the control group 
were female, with the age range of 40-57 years and 
an average age of (52.1±4.5) years. TNM staging 

was conducted according to the ACJJ stage 8. The 
diagnostic criteria of bone metastasis were: (1) 
screening diagnostic method of bone metastasis, 
bone radionuclide scanning; (2) imaging 
diagnostic methods of bone metastasis; (3) bone 
biopsy and pathological diagnosis if necessary. 
This study was approved by the Medical Ethics 
Committee of The Third People’s Hospital of 
Qingdao, and the informed consent was signed by 
both the family and the patient.

Inclusion and Exclusion Criteria
The inclusion criteria were: over 18 years old; 

with breast cancer; female; no kinship between 
groups; no congenital heart disease and other 
malignant tumors; complete clinical data. The 
informed consent was signed by both the family 
and the patient.

The exclusion criteria were: not cooperate 
with the treatment; with cognitive dysfunction, 
depression, anxiety; with language communication 
problems; with important basic functional defects; 
admission treatment of breast cancer for recurrence.

Major Reagents
P1NP kit was purchased from Azelasi 

Biotechnology Co., Ltd (Linyi, China). (EK-2612); 
β-CTX kit was purchased from Yiji Industrial 
Co., Ltd (BN65500121; Shanghai, China).

ELISA Detection
5 ml fasting venous blood was collected in the 

early morning and placed in EDTA anticoagulant 
tube standing for 30 minutes, and then centrifuged 
at 1000 rpm for 15 min. The plasma was collected 
for the follow-up experiment. 50 µl of different 
concentrations of the standard solution was added 
into blank micropore; 50 µl of distilled water 
and 50 µl of antibody were added into blank 
control pore; 40 µl of sample was added to other 
micropores, and then, 10 µl of biotin-labeled 
antibody was added, respectively. The plate was 
blocked for 30 min at 37°C. During the washing 
of the plate, the washing fluid was guaranteed 
to be full and not overflowing, and discarded 30 
seconds after standing; then, the plate was dried. 
The above steps were repeated for 5 times. 50 μl 
of enzyme-labeled solution was added into each 
pore, and the plate was blocked for 60 min at 
37°C again; then, the plate was washed again for 5 
times. For the last time, we used a water absorbent 
paper to pat dry thoroughly. The plate was 
blocked with 100 μl/pore horseradish peroxidase 
(HRS) for 15 min exposed to dark at 37°C. 100 
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differences in P1NP and β-CTX concentrations 
between the bone metastasis group, the non-bone 
metastasis group, and the control group (p<0.05). 
The concentrations of P1NP in the control 
group and the non-bone metastasis group were 
significantly lower than that in the bone metastasis 
group (tcontrol group=7.221, pcontrol group<0.001; tnon-bone 

metastasis group=6.995, pnon-bone metastasis group<0.001), and 
there was no difference in the concentration of 
P1NP between the non-bone metastasis group 
and the control group (t=0.130, p=0.897). The 
concentrations of β-CTX in the control group and 
the non-bone metastasis group were significantly 
lower than that in the bone metastasis group 
(tcontrol group=8.523, pcontrol group<0.001; tnon-bone metastasis 

group=6.546, pnon-bone metastasis group<0.001), and there 
was no significant difference in the concentration 
of β-CTX between the non-bone metastasis group 
and the bone metastasis group (t=1.558, p=0.122) 
(Table II, Figure 1).

 
Correlation Analysis of P1NP and β-CTX 
in Patients of the Bone Metastasis Group 

The Pearson correlation analysis of P1NP and 
β-CTX concentrations in the bone metastasis 
group showed that their concentrations were 
positively correlated in the bone metastasis group 
(r=0.764, p<0.05) (Figure 2).

Evaluation of Energy Efficiency of 
P1NPand β-CTX in the Diagnosis 
of Bone Metastasis in Breast Cancer

By drawing P1NPX, β-CTX, and combined 
diagnostic ROC curves, it was found that in 
P1NP, AUC=0.852, the sensitivity was 72.5%, the 
specificity was 93.9%, and CUT OFF=66.44. In 
β-CTX, AUC=0.883, the sensitivity was 85.0%, 
the specificity was 84.8%, and CUT OFF=69.8. 
In joint detection: AUC=0.952, the sensitivity 
was 84.8%, the specificity was 99.5%, and CUT 
OFF=99.5. The results showed that joint detection 
was better than single detection (Figure 3).

Discussion

Breast cancer is the most common malignant 
tumor in women. Statistics from IARC 
(International Agency for Research) show that 
more than 14 million patients were diagnosed 
with cancer in 2012, of which more than 12% 
were diagnosed with breast cancer, and more 
than 500,000 died from breast cancer or its 
complications every year12,13. The incidence of 

μl/pore chromogenic substrate TMB was added 
and incubated for 20 min at room temperature 
without light. At last, 50 μl/pore stop solution 
was added, the detection was conducted by the 
Enzymatic marker in 15 min, and the maximum 
absorption wavelength was recorded at 450 nm. 
Three groups of repeat holes were set up, and the 
experiment was repeated 3 times.

Statistical Analysis
In this study, SPSS 20.0 software package 

(IBM Corp., Armonk, NY, USA) was used for 
the statistical analysis of the experimental data, 
while GraphPad Prism 7 (GraphPad Software, 
La Jolla, CA, USA) was used to draw figures. 
The enumeration data were expressed as rate 
(%) and analyzed using the Chi-square test. 
The measurement data was represented by 
mean±standard deviation (Mean±SD). The 
measurement data between the two groups 
that conformed to normal distribution were 
analyzed by the t-test (expressed in t). The One-
way ANOVA was used for comparisons among 
multiple groups, and the LSD-t test was used as 
a post-hoc test. The Pearson analysis was used 
for the correlation analysis of P1NP and β-CTX. 
The receiver operating curve (ROC) and the area 
under the curve (AUC) were used to evaluate the 
efficacy parameters of plasma P1NP and β-CTX 
in the diagnosis of the bone metastasis of breast 
cancer. There was a statistical difference when 
p<0.05.

Results

Data Analysis of Three Groups 
of Patients

By comparing the clinical data of patients in 
the three groups, it was found that there was no 
difference in the clinical data among the three 
groups (p>0.05). In addition, by comparing the 
pathological data of bone metastasis group and 
non-bone metastasis group, it was found that there 
was no difference in tumor size, differentiation 
degree, TNM staging, ER, PR, and Her-2 
between the two groups (p>0.05), but there was a 
difference in Ki-67 (p<0.05), suggesting that the 
data were comparable (Table I).

Expression of P1NP and β-CTX in the 
Three Groups

The detection of P1NP and β-CTX in the three 
groups by ELISA showed that there were significant 
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Table I. Data analysis of three groups of patients [n (%)].

 Bone metastasis Non-bone  Control
 group  metastasis  group
Groups (n=40) group (n=33)  (n=40) F/X2/t p

Age     
 >50 25 (62.50) 20 (60.61) 23 (57.50) 0.212 0.899 
 ≤50 15 (37.50) 13 (39.39) 17 (42.50)  
BMI  (kg/m2) 21.32±1.62 21.58±1.43 21.68±1.58 0.569 0.568

Hypertension history     0.499 0.779
 Yes 20 (50.00) 17 (51.52) 23 (57.50)   
 No 20 (50.00) 16 (48.48) 17 (42.50)  

Diabetes history    0.499 0.779
 Yes 15 (37.50) 13 (39.39) 18 (45.00)  
 No 25 (62.50) 20 (60.61) 22 (55.00)  

Nationality    0.591 0.744
 Han nationality 35 (87.50) 30 (90.91) 37 (92.50)  
 Minority nationality 5 (12.50) 3 (9.09) 3 (7.50)  

Amenorrhea    0.553 0.759
 Yes 22 (55.00) 18 (54.55) 19 (47.50)  
 No 18 (45.00) 15 (45.45) 21 (52.50)  

TNM staging     0.256 0.613
 Stage III 10 (25.00) 10 (30.30)   
 Stage IV 30 (75.00) 23 (69.70)   

Tumor size    0.613 0.434
 >20 mm 30 (75.00) 22 (66.67)   
 ≤20 mm 10 (25.00) 11 (33.33)   

Differentiation degree    0.178 0.673
 Well differentiated 38 (95.00) 32 (96.97)   
 Poorly differentiated 2 (5.00) 1 (3.03)   

ER     
 positive 32 (80.00) 24 (72.73)  0.535 0.464
 negative 8 (20.00) 9 (27.27)   

PR     
 positive 29 (72.50) 20 (60.61)  1.159 0.282
 negative 11 (27.50) 13 (39.39)   

Her-2     
 positive 15 (37.50) 13 (39.39)  0.027 0.869
 negative 25 (62.50) 20 (60.61)   

Ki-67     
 cell number
 ≥50% 26 (65.00) 12 (36.36)  5.941 0.015
 cell number
 <50% 14 (35.00) 21 (63.64)   

breast cancer in China is relatively low compared 
with the average incidence in the world. However, 
the incidence and mortality of breast cancer 
in recent 20 years were found to be on the rise. 

The IARC predicts that the number of new 
breast cancer patients in China may exceed 
230,000/year by 203014,15. Breast cancer is a kind 
of multifactorial and systemic comprehensive 
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malignant tumor, and it is believed that the 
pathogenesis of breast cancer is related to family 
genetic history, environment, and other factors16.

Bone metastasis is more common in malignant 
tumors. Research17,18 shows that more than 80% 
of breast cancer patients have bone metastasis, 
and more than 23% of early breast cancer patients 
(stage I) have bone metastasis. It is difficult to 
detect bone metastasis in patients with early 
breast cancer. Currently, the diagnosis mainly 
depends on the imaging methods, but there 
are some limitations in the different imaging 
methods. For example, it is difficult to find bone 
trabecular lesions in X-ray diagnosis when bone 
metastasis lesions are less than 10 mm. Compared 
with X-ray, ECT (single photon emission CT) can 
detect bone injury in advance, but its specificity 
is low, and the false positive rate is too high so it 
cannot be used as the diagnostic standard of bone 

Figure 1. Expression of P1NP and β-CTX in three groups. A, Detection of P1NP by ELISA: there were significant differences 
in P1NP concentration between the bone metastasis group, the non-bone metastasis group, and the control group (p<0.05). The 
concentrations of P1NP in the control group and the non-bone metastasis group were significantly lower than that in the bone 
metastasis group (p<0.05), and there was no difference in the concentration of P1NP between the non-bone metastasis group 
and the control group (p>0.05). B, Detection of P1NP by ELISA: there were significant differences in β-CTX concentration 
between the bone metastasis group, the non-bone metastasis group, and the control group (p<0.05). The concentrations of 
β-CTX in the control group and the non-bone metastasis group were significantly lower than that in the bone metastasis group 
(p<0.05), and there was no significant difference in the concentration of β-CTX between the non-bone metastasis group and 
the bone metastasis group (p>0.05). *p<0.05.

Figure 2. Correlation analysis of P1NP and β-CTX 
in patients of bone metastasis group. P1NP and β-CTX 
concentrations were positively correlated in the bone 
metastasis group (r=0.764, p<0.05). 
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metastasis. CT has great damage to the human 
body because of its radioactivity; while, even if 
PET/CT performed well in the diagnosis of bone 
metastasis, it was not affordable for ordinary 
families19-21. 

Bone metabolism indicator is more convenient 
and less harmful to patients than imaging in the 
diagnosis of bone metastasis. It has been reported 
that bone metabolism can be used as a marker 
for the diagnosis of bone metastasis in cancer22. 
However, the diagnostic specificity of the 
conventional indicator (Ca, P, PTH) is low, due to 
the interference of other factors23. Type I collagen, 
the most abundant collagen in the human body, can 
form a huge acidophilic fiber called collagenous 
fiber. It is expressed in cicatricial tissue, inner 
periosteum of the myofibril, and organic part of 
bone24. P1NP is an important index to reflect the 
synthesis of type I collagen. A study has shown 
that P1NP is a specific marker of type I collagen 
deposition and can well reflect the bone formation 
rate and the activity of osteocytes25. While β-CTX, 
as a type I collagen decomposition product, is an 
important indicator of bone resorption. According 
to Bilezikian et al26, the differential expression of 
CTX in tumor patients with bone metastasis is a 

good reflection of bone resorption. Therefore, by 
detecting the expression of P1NP and β-CTX in 
plasma of patients with early breast cancer, this 
study explored the feasibility of P1NP and β-CTX 
in the diagnosis of bone metastasis of early breast 
cancer in order to provide the basis for clinical 
diagnosis.

In this study, by detecting the bone metastasis 
of early breast cancer patients in The Third 
People’s Hospital of Qingdao, it was found that 
the concentration of P1NP in the bone metastasis 
group was significantly higher than that in the 
control group and the non-bone metastasis group, 
and there was no difference in the concentration of 
P1NP between the non-bone metastasis group and 
the control group. Lumachi et al27 found that the 
high expression of P1NP in the plasma of patients 
with bone metastasis of early breast cancer was 
significantly higher than that in the control group, 
which indicated that the high expression of P1NP 
in patients with bone metastasis could be used 
as a diagnostic criterion of bone metastasis. By 
detecting the β-CTX in plasma of patients with 
bone metastasis of early breast cancer, it was 
found that the expression of β-CTX in plasma 
of early bone metastasis was significantly higher 
than that in the non-bone metastasis group and 
the control group, and there was no difference in 
the expression between the non-bone metastasis 
group and the control group. Pollmann et al28 
showed that the P1NP and β-CTX levels in the 
plasma of breast cancer patients with bone 
metastasis were significantly higher than those 
without bone metastasis, which were consistent 
with our results. These results suggest that P1NP 
and β-CTX are valuable in the diagnosis of early 
breast cancer patients with bone metastasis. 
At the same time, the correlation between the 
two markers was also analyzed, and the results 
showed that there was a positive correlation 
between the expression of P1NP and β-CTX in the 
plasma of patients with bone metastasis of early 
breast cancer. Pan et al29 also showed a positive 
correlation between the expression of P1NP and 
β-CTX in plasma of patients with bone metastasis 
of lung cancer, which suggests that P1NP and 
β-CTX are also associated with other cancers. At 
the end of the study, by drawing the ROC curve 
for P1NP and β-CTX, it was found that in P1NP, 
AUC=0.852, the sensitivity was 72.5%, and the 
specificity was 93.9%; in β-CTX, AUC=0.883, 
the sensitivity was 85.0%, and the specificity 
was 84.8%; in joint detection, AUC=0.952, the 
sensitivity was 84.8%, and the specificity was 

Figure 3. The ROC curve of P1NP and β-CTX in the 
diagnosis of bone metastasis in breast cancer. In P1NP, 
AUC=0.852, the sensitivity was 72.5%, the specificity was 
93.9%, and CUT OFF=66.44; in β-CTX, AUC=0.883, the 
sensitivity was 85.0%, the specificity was 84.8%, and CUT 
OFF=69.8; in joint detection: AUC=0.952, the sensitivity 
was 84.8%, the specificity was 99.5%, and CUT OFF=99.5. 
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99.5%. The results showed that the joint detection 
of the expressions of P1NP and β-CTX is more 
helpful for the diagnosis of bone metastasis in 
early breast cancer than single detection. With 
the exploration of bone metastasis in patients 
with lung cancer by joint detection of P1NP and 
β-CTX expression, Wang et al30 showed that the 
result was AUC=0.833, which was similar to our 
results. This also shows that the joint detection of 
P1NP and β-CTX is equally effective in detecting 
bone metastasis of other cancers.

However, there are still some limitations in this 
study. We did not count the survival of the patient. 
It is not clear whether these two indicators can be 
used as prognostic indicators of bone metastasis. 
Whether the small amount of specimen makes 
a difference in the result, needs to be further 
verified. Therefore, to verify the results of the 
study, the sample size will be increased, and 
the follow-up of the patients will be followed in 
future studies.

Conclusions

We showed that the expression of P1NP and 
β-CTX in plasma has certain diagnostic value 
for bone metastasis of early breast cancer and is 
worthy of clinical promotion.
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