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Abstract: Introduction: Few serum markers are valid and useful for the diagnosis or therapeutic effect monitoring of
osteosarcoma. This study aimed to investigate the role of B-isomerized C-terminal telopeptides (3-CTx) and total pro-
collagen type 1 amino-terminal propeptide (tP1NP) as serological biomarkers for osteosarcoma patients. Materials
and Methods: A total of 48 patients with osteosarcoma and 55 healthy volunteers were investigated. Serum -CTx
and tPA1NP levels were measured by electrochemiluminescence immunoassay. Data were analyzed by t test with
Walth’s correction and receiver operating characteristic (ROC) curve analysis. Results: The baseline levels of B-CTx
and tP1NP were found to be significantly higher in patients with osteosarcoma than the healthy volunteers. The
mean areas under the ROC curves were 0.919 (range, 0.864-0.973) for B-CTx and 0.866 (range, 0.792-0.939) for
tPANP. The levels of B-CTx and tP1NP were lower in patients with stable disease after operation than those before
operation. Conclusion: These findings support our hypothesis that 3-CTx and tP1NP are promising serum biomark-

ers for diagnosing or monitoring osteosarcoma.
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Introduction

Osteosarcoma is the most common primary
malignant tumor of the bone in children and
young adults. It has an annual incidence of 3
persons per million [1, 2]. Due to its rapid pro-
gression, the optimal treatment time for osteo-
sarcoma could be easily missed in case of a
misdiagnosis [3, 4]. Nevertheless, even in most
cases where a definite diagnosis is made, the
patient’s illness would have progressed to the
advanced stage, resulting in a poor prognosis
[5, 6].

The diagnosis of osteosarcoma is mostly based
on its clinical presentation and radiological and
pathological examinations [7-9]. Although the
radiological method is the most reliable, there
is a high risk of misdiagnosis with this method.
Moreover, due to its low specificity, it is unable
to detect the disease in its early stage [10, 11].
Very few common laboratory tests for osteosar-

coma are available at present, and several com-
mon serum biochemical markers, e.g., alkaline
phosphatase and lactate dehydrogenase, are
neither sensitive nor specific [12, 13]. The dis-
covery of sensitive and specific serological
markers is of great importance for the early
detection, treatment, and monitoring of oste-
osarcoma.

Bone is a metabolically active tissue, and
almost 10% of the human adult bone is remod-
eled every year. Bone remodeling comprises
bone resorption and formation. During the re-
modeling process, the activity of osteoblasts
and osteoclasts results in the release of pro-
teins or peptides. The peptide products are
either proteins released by the cells, such as
bone-specific alkaline phosphatase (BAP) and
osteocalcin (OC) or degradation products of cel-
lular activity, such as urinary hydroxyproline,
deoxypyridinoline, B-isomerized C-terminal telo-
peptides (B-CTx), total procollagen type 1 ami-
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Table 1. Clinical data of osteosarcoma patients and healthy controls

Parameters Healthy Osteosarcoma P value
Gender 55 48 *P>0.05
Male 29 27

Female 26 21

Age mean (mix-max) 24.4 (8-49) 20.9 (7-47) AP =0.056
White blood cells (cell/pl) ¥ 6821+1478 6745+2589 #P > 0.05
Body mass index (kg/m?)v 19.1+1.2 18.6+2.5 #P > 0.05
Serum creatinine (umol/L)¥x 68.5+15.4 66.9+21.8 #P > 0.05
Serum BUN (mmmol/ L)¥x 2.9+0.3 3.2+0.6 #P > 0.05
AST (IU/L)vx 30.317.6 34.8+21.7 #P > 0.05
ALT (U/L)¥¢ 19.5+10.6 23.9+21.6 #P > 0.05
B-CTx (pg/ml) 426.0 (150.3-1225.0) 1178.4 (269.1-2940.0)

Mean (mix-max) AP < 0.001
tPANP (ng/ml) 72.5 (17.62-369.0) 259.3 (17.19-1103.0)

Mean (mix-max) AP < 0.001

*By Kruskal Wallis Text, x? = 0.127, P = 0.722. ABy t test with Walth’s correction. #By t test. yxValues are the mean + SD.
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Figure 1. Serum concentrations of the difference. True area = 0.5 and tP1NP on the diagnosis introls (The dotted
lines indicate the cutoff values determined using Youden’s index. * and o are outliners).

no-terminal propeptide (tP1NP), etc [14]. The
measurement of these clinical biomarkers, cat-
egorized as biochemical bone markers, in se-
rum and urine is widely used as a rapid means
to monitor cellular activity of bone [15]. B-CTx
and other substances that originate during
bone resorption are called bone resorption
markers, while tPANP, BAP, and OC, which are
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generated from bone reconstruction, are called
bone formation markers.

The propagation of tumor cells in bone tissue
could hasten bone metabolism or make it un-
balanced, altering the levels of serum biochem-
ical bone markers [16, 17]. The applications of
serum biochemical bone markers in bone
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Figure 2. ROC analysis of B-CTx and tPA1NP to differ-
entiate osteosarcoma patients from healthy individu-
als. The areas under the ROC curves for 3-CTx and
tPANP are 0.919 and 0.866.

metastases from cancers of the lung, breast,
and prostate have been reported [18-20]. So-
me studies have also reported the use of BAP
in the diagnosis of osteosarcoma [21, 22]. A
few studies also suggest that the bone resorp-
tion marker B-CTx could be used for the diagno-
sis and treatment of osteosarcoma [23].

In this study, we determined the serum concen-
trations of B-CTx and tPANP in patients with
osteosarcoma and the healthy volunteers, and
compared the diagnostic efficacy of the above
markers with receiver operating characteristic
(ROC) curve analysis. Additionally, we investi-
gated the levels of the markers in the patients
before and after operation.

Materials and methods
General characteristics of study population

Blood samples were collected from 48 osteo-
sarcoma patients between June 2011 and May
2012 at Shanghai Sixth People’s Hospital affili-
ated to Shanghai Jiao Tong University. Oste-
osarcoma patients who were clinically and his-
tologically diagnosed of primary osteosarcoma
by the multidisciplinary musculoskeletal oncol-
ogy team, and for those whom osteosarcoma
was the first diagnosis without prior treatment,
were included in the study. All patients received
standard treatment and follow-up.
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The control group comprised 55 healthy volun-
teers matched for age and gender. Individuals
with a history of musculoskeletal injury within
the three years preceding the start of the study,
those with abnormal liver and kidney function,
those with any pre-existing disease, and those
on medication for any reason at the start of the
study were excluded. The healthy volunteers
were recruited from individuals who underwent
the physical examination.

This study was approved by the Research Ethics
Committee of Shanghai Sixth People’s Hospital,
and all participants provided written informed
consent before recruitment.

Collection of serum samples

Serum samples of the participants were ob-
tained from venous blood after centrifugation
at 6,500 g for 10 min and tested directly or
after storing at -80°C. The healthy controls
were advised to avoid any vigorous activities,
including sports and running, for two days be-
fore blood collection. Samples were collected
in the morning between 7:30 and 8:30 a.m.,
from fasting individual.

Eight osteosarcoma patients who were classi-
fied at stage Ill according to the criteria of the
Musculoskeletal Tumor Society and received
amputation treatment were also followed up.
Their serum samples were collected before ch-
emotherapy treatment and for the duration of
more than six months after surgery. Four of the
eight patients showed stable disease, while the
other four had progressive disease.

B-CTx assay

B-CTx was measured in the serum samples by
electrochemiluminescence immunoassay (EC-
Ll) using a cobas e601 automated immunoas-
say system (Roche Co., Mannheim, Germany). A
total of 50 ul of serum and a biotinylated mono-
clonal anti-B-crosslaps antibody were incubat-
ed together; the antigen in the sample was lib-
erated from the serum components. The sec-
ond incubation started with the addition of
streptavidin-coated microparticles and a mono-
clonal B-crosslaps-specific antibody labeled
with a ruthenium complex (Tris(2,2’-bipyridyl)
ruthenium (II) complex (Ru (bpy)2/3+)). A sand-
wich complex that bound to the solid phase via
the biotin-streptavidin interaction was formed.
The reaction mixture was then treated as de-
scribed above. Instra-assay variation is lower
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Table 2. Diagnostic performance of serum bone markers 3-CTx and

tPANP on the diagnosis of osteosarcoma

years. Of these, 3 patients
were below 12 years of

Group Cutoff value Sensitivity Specificity AUC P-Value* 95% CI*

age and 45 patients were

B-CTx 634.50 pg/ml 87.50%  87.30% 0.919 <0.001 0.864-0.973
tPAINP 59.40 ng/ml  95.80% 70.90% 0.866 < 0.001 0.792-0.939

12 years or older. Osteo-
sarcoma had affected the

*Asymptotic significance, null hypothesis: true area = 0.5. *95% confidence interval of

the difference.

than 3% and inter-assay variation is lower than
5%.

tP1NP assay

tPANP concentration was measured by ECLI
using a cobas €601 automated immunoassay
system (Roche Co., Mannheim, Germany). A to-
tal of 20 pl of serum and a biotinylated mono-
clonal P1NP-specific antibody were incubated
together. After the addition of streptavidin-la-
beled microparticles and a monoclonal P1NP-
specific antibody labeled with a ruthenium
complex (Tris(2,2-bipyridyl)ruthenium (lI) com-
plex (Ru(bpy)2/3+)), a sandwich complex was
formed, which was treated as described above.
Instra-assay variation is lower than 3% and
inter-assay variation is lower than 4%.

Statistical analysis

Descriptive statistics were calculated for each
parameter. T test was applied to compare the
levels of white blood cell count, body mass
index, serum creatinine, BUN, AST and ALT lev-
els; T test with Walth’s correction was applied
to compare the levels of Age, B-CTx, and tP1NP
in osteosarcoma patients and healthy volun-
teers. The Chi-square test was used to deter-
mine the proportional difference in gender
between the patients and the healthy controls.
The diagnostic accuracy was evaluated by ROC
curve analysis. The optimal cutoff point for es-
tablishing an accuracy score for each biomark-
er was determined using Youden'’s index (J), cal-
culated as J = 1 - (false positive rate + false ne-
gative rate) = 1 - (1 - sensitivity) + (1 - specificity)
= sensitivity + specificity - 1. The statistical cal-
culations were performed using the Statistical
Package for the Social Sciences (SPSS) Version
16.0 for Windows (SPSS, Munich, Germany).
Two-tailed P values < 0.05 were considered st-
atistically significant.

Results
Identification data

The mean age of the 48 osteosarcoma patients
(27 male, 21 female) was 20.9 (range, 7-47)
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femur in 25 patients, the
tibia in 14 patients, the
humerus in 6 patients,
and other body parts in 3
patients. Histologically, all the osteosarcoma
patients were classified as conventional sub-
types.

The mean age of the 55 healthy volunteers (29
male, 26 female) was 24.4 (range, 8-49) years.

The basic laboratory parameters of the pati-
ents, including white blood cell count, body
mass index, serum creatinine, BUN (blood urine
nitrogen), AST (aspartate aminotransferase)
and ALT (alanine aminotransferase) levels were
collected (Table 1).

Serum concentrations of 3-CTx and tP1NP

The baseline levels of B-CTx and tP1NP were
found to be significantly higher in patients with
osteosarcoma than in healthy volunteers (Table
1; Figure 1, P < 0.001).

Diagnostic values of B-CTx and tP1NP in osteo-
sarcoma patients

ROC curve analysis indicated that the serum
bone markers 3-CTx and tPANP had a high diag-
nostic value (Figure 2). The osteosarcoma pa-
tients were classified as the positive group, and
the healthy volunteers were classified as the
negative control group. Areas under the ROC
curves (AUC) were 0.919 (0.864-0.973) for B-
CTx, and 0.866 (0.792-0.939) for tPANP. In gen-
eral, the diagnostic value increased in propor-
tion with AUC, and was thought to be high when
AUC was greater than 0.75.

The optimal cutoff point for each biomarker in
terms of its diagnostic performance was deter-
mined using Youden'’s index, with 3-CTx 634.50
pg/ml and tPANP 59.40 ng/ml (Figure 1), and
their corresponding sensitivity and specificity
were 87.50% and 87.30%, 95.80% and 70.90%,
respectively (Table 2).

Changes in serum B-CTx and tP1NP concen-
trations in osteosarcoma patients before and
after operation

In our study, eight osteosarcoma patients were
followed up after surgery. We found that the
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Figure 3. Comparison of serum concentrations of 3-CTx and tP1NP in osteosarcoma patients before and after op-
eration. Variation of serum B-CTx and tPA1NP levels in patients with (A) good postoperative assessment and (B) poor

postoperative assessment.

changes in the concentrations of serum B-CTx
and tP1NP before and after surgery were ac-
cord with the postoperative clinical presenta-
tion in these patients (Figure 3A). The levels of
serum biochemical bone markers were signifi-
cantly decreased in patients with good postop-
erative assessment. However, patients with
poor postoperative assessment showed elevat-
ed levels of osteogenic or osteolytic markers
(Figure 3B). The identification data and data of
B-CTx, tPANP of every participant were shown

in the Supplementary File.
Discussion

We evaluated two biochemical markers of bone
metabolism in serum as potential biomarkers
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for identifying osteosarcoma patients. This
study shows that B-CTx and tPINP determina-
tion can discriminate healthy individuals from
patients with osteosarcoma. So, our results
confirm the data from other investigators, who
support the use of biochemical bone formation
and resorption markers as valuable tools to
confirm the presence or absence of osteosar-
coma [23, 24].

Aminoterminal propeptide of type | procollagen
(PANP) reflects bone formation. Two different
antigens exist in human serum, as a trimeric
form and a monomeric form. The total PANP
(tPANP) assay measures both forms. In chil-
dren, bone formation is very active, which might
be effected on the specificity of tPANP in diag-
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nosis of osteosarcoma. The C-terminal telopep-
tides (CTx) reflect bone resorpation. In the
C-terminal telopeptides, the a-isomerized CTx
presents converts to the B-isomerized CTX as
the bone ages [25]. B-CTx shows a significant
correlation with tumor, while the o-CTx is rele-
vant to pathologic situations of high bone re-
modeling, quantification of degradation prod-
ucts from the newly synthesized collagen [26].
So, B-CTx shows better specificity (87.30%)
than tPANP (70.90%) in diagnosis of osteosar-
coma in our findings.

In addition, we followed up eight osteosarcoma
patients after amputation surgery and found
that the concentrations of B-CTx and tP1INP
declined in four patients with stable disease.
On the other hand, patients with progressive
disease showed irregular changes in the con-
centrations of these markers after surgery, with
the levels of some markers elevated and some,
reduced. Therefore, we conclude that B-CTx
and tP1NP may serve as the detection markers
of choice for monitoring osteosarcoma. Our
findings are consistent with other reports on
the possible role of biochemical bone markers
in prognosis of osteosarcoma [24].

In normal circumstances, there is extensive bi-
ological variation in bone markers as a result of
variations in gender, age, race, hormone levels,
and rhythm changes [27, 28]; this variation
restricts their diagnostic value as serum mark-
ers to a certain few diseases. In this study, the
criteria for the selection of healthy volunteers
were comparable to the general conditions of
the patients; thus, the influence of these con-
founding factors could be eliminated.

In conclusion, the findings of this study support
our hypothesis that B-CTx and tPANP are prom-
ising serological markers for the detection and
diagnosis of osteosarcoma. However, to con-
firm our findings, further large-scale studies
with well-characterized patient samples are wa-
rranted.
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