
Abstract. – OBJECTIVE: Bone metastasis is
a common complication of prostate cancer. This
study investigates serum bone sialoprotein
(BSP), prostate specific antigen doubling time
(PSADT), and extracellular matrix protein
Spondin-2 levels in prostate cancer and the di-
agnostic significance of their ROC curves in
bone metastasis.

PATIENTS AND METHODS: A total of 85 cas-
es of prostate cancer patients, including 43 cas-
es with bone metastases and 42 cases without
bone metastases, were enrolled. Serum BSP,
Spondin-2, and PSA were tested by ELISA and
Electrochemical Luminescence method. PSADT
was calculated upon multiplication formula. The
diagnostic significances of BSP, Spondin-2, and
PSADT on bone metastasis were evaluated by
ROC curve.

RESULTS: Serum BSP, Spondin-2, and PSA
levels were highest in prostate cancer with bone
metastasis, followed by no bone metastasis, hy-
perplasia, and control (p < 0.05). Gleason scores
of BSP, Spondin-2, and PSA were highest in low
differentiation, followed by moderate differentia-
tion and high differentiation (p < 0.05). ROC
curve revealed that diagnostic efficiency was in
PSADT, Spondin-2, and BSP in the order. Their
sensitivity and specificity for the diagnosis of
bone metastasis were 79.07, 88.37, 86.05%, and
71.54, 81.30, 83.74%, respectively. Their joint de-
tection elevated the sensitivity to 97.67%, the
negative predictive value up to 99.11%, and AUC
to 0.973 (95% CI 0.942-0.998). PSADT + BSP ex-
hibited better efficiency among two indicators
combination as AUC reached 0.963 (95% CI
0.935-0.992).

CONCLUSIONS: Serum BSP, Spondin-2, and
PSADT upregulated in prostate cancer patients
with bone metastasis. Their joint detection can
improve the diagnostic sensitivity.
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Introduction

Bone metastasis is a common complication for
prostate cancer patients. It accounts for about 65-
70% in the process of prostate cancer develop-
ment, which mainly involves in the pelvis, spine,
and thighbone1,2. There are about 80% patients
died of prostate cancer suffered from bone
metastasis3,4. Prostate cancer is often hidden on-
set without a significant early symptom of bone
metastasis. Bone metastasis may lead to patho-
logical fracture, bone pain, and nerve compres-
sion. Therefore, bone metastasis symptom is of-
ten the most common cause to see a doctor5,6.
Prostate cancer bone metastasis seriously affects
the quality of life and prognosis. Thus, early di-
agnosis and treatment are of great significance
for prostate cancer bone metastases. At present,
the whole body bone scan is the main method to
diagnose and monitor bone metastasis in prostate
cancer. As no signs of bone destruction and low
sensitivity in the early stage on bone X-ray, ra-
dionuclide bone imaging is the preferred method
for the diagnosis of bone metastasis. Compared
with traditional X-ray, it exhibits higher sensitivi-
ty. However, it subjects to low specificity, high
price, and radiation hazard7. Following the in-
depth investigation of the mechanism of prostate
cancer bone metastasis, prostate cancer-related
serological markers are applied in disease moni-
toring because of its repeatability, non-invasion,
and cheap. Bone sialoprotein (BSP) has certain
diagnostic significance in bone metastasis since
it can reflect the bone absorption process and
bone cell activity. Serum PSA level can predict
the extent of prostate cancer. It significantly ele-
vates in patients with bone metastasis. However,
in spite of its high sensitivity, its specificity is
limited and cannot distinguish the reason that
causes PSA elevation. PSA doubling time
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and PSA were tested by ELISA and Electro-
chemical Luminescence method. ELISA kits
were bought from Aquatic Diagnostics Ltd
(Stirling, Scotland, UK). Electrochemical Lumi-
nescence kit was purchased from Roche (Basel,
Switzerland). UniCel DxI 800 automatic chemi-
luminescence immune analyzer was got from
Beckman Coulter Company (Brea, CA, USA).
PSADT was calculated upon multiplication for-
mula. f-PSA and t-PSA were reexamined every
51 days (1-4 months). PSADT = lg(2)/bi, bi = (lg
Xi, final-lg Xi, initial)/(ti, final-ti, initial). i = 1,
2,……n, X referred to t-PSA value.

Positive Judgement
The diagnostic significances of BSP, Spondin-

2, and PSADT on bone metastasis were evaluat-
ed by ROC curve. The positive judgement value
was selected from the best point as the largest cut
point of Youden index (J = sensitivity + specifici-
ty - 1) for the single indicator. BSP > 30.15 µg/L,
PSADT > 129, and Spondin-2 > 8 µg/L were
treated as positive. For the two indicators joint
detection, one item for positive was considered
as positive, while two items for negative were
treated as negative. For three indicators joint de-
tection, one item for positive was considered as
positive, whereas three items for negative were
treated as negative11.

Statistical Analysis
All data analysis were performed on SPSS

19.0 software (Inc. Chicago, IL, USA). The χ2-
test or χ2 calibration test was used for ratio com-
parison. Kolmogorov-Smirnov was adopted for
normality test, and ± s was selected to depict the
measurement data in a normal distribution. ANO-
VA and LSD test were applied for mean differ-
ence comparison between groups. The diagnostic
significances of BSP, Spondin-2, and PSADT on
bone metastasis were evaluated by ROC curve.
Logistic regression model was established ac-
cording to the indicators combination. Z test was
used for the comparison of joint detection. p <
0.05 was considered as statistical significance.

Results

BSP, PSA, and Spondin-2
Levels Comparison
Serum BSP, Spondin-2, and PSA levels were

highest in prostate cancer with bone metastasis,
followed by no bone metastasis, hyperplasia, and

(PSADT) is the feature between PSA and time-
related curve, which can more accurately reflect
tumor metastasis and recurrence compared with
simple PSA8,9. Spondin-2 is a type of extracellu-
lar matrix protein differently expressed in lung
cancer cell. It also upregulates in human prostate
cancer cell line10. This study investigates serum
BSP, PASDT, and Spondin-2 levels in prostate
cancer and the diagnostic significance of their
ROC curves in bone metastasis, aiming to pro-
vide the basis for early diagnosis, monitor, and
treatment of prostate cancer bone metastasis.

Patients and Methods

General Information
A total of 85 cases of prostate cancer patients

between Oct 2013 and Nov 2015 were enrolled in
Zhongnan Hospital of Wuhan University. Another
41 patients with benign prostate hyperplasia and 40
healthy controls in the same period were selected.
The prostate cancer patients were divided into
well, moderate, and low differentiation groups ac-
cording to Gleason grading at 2-4, 5-6, and 7-10
with 27, 36, and 22 cases in each group. Inclusion
criteria: prostate cancer diagnosed by cytological
or pathological examination. Exclusion criteria: be-
nign lesions including trauma was excluded from
bone metastases, while inflammation, diabetes, or
injury excluded from prostate hyperplasia. No pa-
tients suffered from significant viscera lesions in
heart, liver, and kidney. According to the presence
of bone metastases, the patients were divided into
bone metastases group with 43 cases and non-bone
metastases group with 42 cases. The mean age of
bone metastases, non-bone metastases, hyperpla-
sia, and healthy groups was 58.7 ± 4.9, 57.9 ± 4.5,
56.9 ± 4.2, and 57.7 ± 4.6 years old. All the en-
rolled hyperplasia patients were benign. No statisti-
cal significance was observed on general informa-
tion among four groups (p > 0.05). This study was
approved by the Ethics Committee in Zhongnan
Hospital of Wuhan University, and all the enrolled
subjects had signed informed consent.

Detection
No puncture or digital rectal examination was

performed on patients at least 3 days before
blood sampling. Bone scan was performed with-
in 3 days before blood collection. Peripheral ve-
nous blood was extracted and centrifuged at
14000 g for 15 min. The serum was separated
and tested within 2 h. Serum BSP, Spondin-2,
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BSP f-PSA t-PSA f-PSA/ Spondin-2
Group Cases (µg/L) (µg/L) (µg/L) t-PSA (µg/L)

Control 40 7.61 ± 1.26 0.36 ± 0.09 0.94 ± 0.11 0.38 ± 0.09 5.83 ± 1.17
Hyperplasia 41 8.11 ± 1.43* 1.86 ± 0.21* 6.63 ± 0.45* 0.28 ± 0.06* 6.29 ± 1.36*
Non-bone metastasis 42 12.35 ± 3.27*∆ 43.34 ± 8.13*∆ 223.93 ± 81.95*∆ 0.19 ± 0.06*∆ 7.45 ± 1.33*∆

Bone metastasis 43 37.82 ± 8.54*∆& 45.61 ± 7.38*∆ 227.87 ± 82.31*∆ 0.18 ± 0.07*∆ 15.44 ± 3.14*∆&

F-value – 33.63 43.60 45.06 35.03 49.24
p – 0.00 0.00 0.00 0.00 0.00

Table I. BSP, PSA, and Spondin-2 levels comparison (x– ± s).

*p < 0.05, compared with control. ∆p < 0.05, compared with hyperplasia group. &p < 0.05, compared with non-bone metastasis
group.

BSP f-PSA t-PSA f-PSA/ Spondin-2
Group Cases (µg/L) (µg/L) (µg/L) t-PSA (µg/L)

Well differentiation 27 11.92 ± 4.39 37.46 ± 7.52 182.32 ± 82.11 0.23 ± 0.05 12.55 ± 3.16
Moderate differentiation 36 22.38 ± 3.93* 43.25 ± 7.27* 222.67 ± 83.14* 0.19 ± 22.36* 17.32 ± 3.45*
Low differentiation 22 40.47 ± 4.74*∆ 48.34 ± 8.21*∆ 245.53 ± 84.95*∆ 0.15 ± 0.04*∆ 19.68 ± 3.41*∆

F-value – 4.67 4.15 4.35 4.79 4.41
p - 0.01 0.02 0.02 0.01 0.02

Table II. BSP, PSA, and Spondin-2 levels comparison among prostate cancer patients with different Gleason scores (x– ± s).

*p < 0.05, compared with control. ∆p < 0.05, compared with hyperplasia group. &p < 0.05, compared with non-bone metastasis
group.

control (p < 0.05). No statistical difference was
found on f-PSA, t-PSA, and f-PSA/t-PSA be-
tween bone metastasis and non-bone metastasis
groups (Table I).

BSP, PSA, and Spondin-2 Levels
Comparison Among Prostate Cancer
Patients with Different Gleason Scores
Gleason scores of BSP, Spondin-2, and PSA

were highest in low differentiation, followed by
moderate differentiation and high differentiation
(p < 0.05) (Table II).

ROC Curve Analysis of BSP, PSADT,
and Spondin-2
Bone metastasis group and control group

were selected for ROC curve analysis. ROC
curve revealed that diagnostic efficiency was
PSADT, Spondin-2, and BSP in the order (Fig-
ure 1, Table III).

BSP, PSA, and Spondin-2 Detection
Comparison Among Different Groups
According to BSP, PSADT, Spondin-2 levels

in healthy and prostate cancer bone metastasis
patients, together with ROC curves, the positive
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Figure 1. ROC curve analysis of BSP, PSADT, and
Spondin-2 in prostate cancer bone metastasis.
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judgement value was selected from the best point
as the largest cut point of Youden index (J = sen-
sitivity + specificity - 1) for the single indicator.
BSP > 30.15 µg/L, PSADT > 129, and Spondin-2
> 8 µg/L were treated as positive. Their sensitivi-
ty and specificity for the diagnosis of bone
metastasis were 79.07, 88.37, 86.05%, and 71.54,
81.30, 83.74%, respectively (Table IV).

BSP, PASDT, and Spondin-2 Indicators
Joint Detection
Their joint detection elevated the sensitivity to

97.67%, the negative predictive value up to
99.11%, and AUC to 0.973 (95% CI 0.942-
0.998). PSADT + BSP exhibited better efficiency
among two indicators combination as AUC
reached 0.963 (95% CI 0.935-0.992) (Figure 2,
Table V-VI).

Discussion

Magnetic resonance imaging and radionuclide
bone imaging have relatively high sensitivity for
the diagnosis of bone metastases. However, they
are limited by radioactivity and high cost. Sero-
logical markers of bone can reflect the whole
body bone metabolism featured as repeatable,
non-invasive, and low expense. Searching for ef-
fective and sensitive serological indicators for
early diagnosis is of great importance in the
treatment of prostate cancer. Bone metabolic
markers are mainly produced by bone matrix me-

tabolism or bone cells secretion. Cytokines act
on osteoclasts and osteoblasts during malignant
tumor cell bone metastasis, leading to normal
bone metabolizing material damage and abnor-
mal level of bone metabolic markers. Serum PSA
is widely applied in the clinic as a specific bio-
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Asymptotic 95% CI
Outcome Standard Asymptotic
variable Area errora Sig.b Inferior limit Upper limit

Spondin-2 (µg/L) 0.882 0.038 0.000 0.807 0.957
PSADT 0.918 0.028 0.000 0.863 0.973
BSP (µg/L) 0.845 0.039 0.000 0.768 0.921

Table III.AUC.

aUnder nonparametric hypothesis; bNull hypothesis: solid area = 0.5.

Indicator Positive threshold value Sensitivity/% Specificity/%

BSP > 30.15 µg/L 79.07 (34/43) 71.54 (88/123)
PSADT > 129 88.37 (38/43) 81.30 (100/123)
Spondin-2 > 8 µg/L 86.05 (37/43) 83.74 (103/123)

Table IV. BSP, PSA, and Spondin-2 detection comparison among different groups.

Figure 2. ROC curve of joint detection.



marker since it can predict the tumor lesions of
prostate cancer12. It is associated with prostate
cancer metastasis and prognosis. Bone metas-
tases and bone metabolic state exhibit no direct
correlation with PSA, thus joint detection is
needed in the diagnosis of bone metastases13.
Serum PSA reflects the absolute value, whereas
its variation trend PSADT has an important sig-
nificance in the curative effect and prognosis
evaluation of prostate cancer. PSADT calculated
by early stage PSA is beneficial to disease evalu-
ation in the early stage14,15. In this work, no sta-
tistical difference was found on f-PSA, t-PSA,
and f-PSA/t-PSA between bone metastasis and
non-bone metastasis groups. Serum PSA level in
bone metastasis group was obviously higher than
the non-bone metastasis group, suggesting joint
detection was required for the diagnosis of
prostate cancer bone metastases.
As a kind of non-collagen protein, BSP can

promote bone metastases of breast cancer at a
high level and stable expression. Serum BSP has
certain significance in the diagnosis of lung can-
cer bone metastases16,17. This study tested the val-
ue of BSP for the evaluation of prostate cancer
bone metastasis, and the result showed it was
markedly higher in bone metastasis group com-

pared with non-bone metastasis group. ROC
curve analysis revealed that the sensitivity and
specificity of BSP in the diagnosis of prostate
cancer bone metastases were 79.07% and
71.54%, respectively. Spondin-2 is a type of se-
creted extracellular matrix protein upregulated in
ovarian cancer. It exhibits higher level in prostate
cancer cell line compared with other cancer cell
lines18,19. Our results demonstrated that serum
Spondin-2 level in bone metastasis group was
obviously higher than the non-bone metastasis
group. It revealed that Spondin-2 may be related
to prostate cancer bone metastasis and participate
in the pathological process of bone metastases.
Our findings showed that BSP, Spondin-2,

and PSA levels in low differentiation group
were markedly higher than that in well differen-
tiation group according to Gleason grading.
Gleason grading has a critical role in evaluation
of postoperative staging. Serum BSP, PSA, and
Spondin-2 levels exhibit correlation with malig-
nant tumor differentiation. Bone metastasis is
easy to occur in higher malignancy. Prostate ep-
ithelial cells hyperplasia and blood barrier le-
sions lead to local blood transportation abnor-
mal enhancement, resulting in abnormal bone
marker. ROC curve revealed that diagnostic effi-
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Asymptotic 95% CI
Outcome Standard Asymptotic
variable Area errora Sig.b Inferior limit Upper limit

Spondin-2 (µg/L) 0.882 0.038 0.000 0.807 0.957
BSP (µg/L) 0.845 0.039 0.000 0.768 0.921
PSADT 0.918 0.028 0.000 0.863 0.973
Spondin-2+PSADT 0.952 0.020 0.000 0.912 0.991
Spondin-2+BSP 0.944 0.026 0.000 0.893 0.995
PSADT+BSP 0.963 0.015 0.000 0.935 0.992
Spondin-2+BSP+PSADT 0.973 0.016 0.000 0.942 0.998

Table V.AUC of joint detection.

aUnder nonparametric hypothesis; bNull hypothesis: solid area = 0.5.

Positive predictive Negative predictive
Indicator Sensitivity/% Specificity/% value/% value/%

Spondin-2+PSADT 93.02 (40/43) 79.67 (98/123) 61.53 97.02
Spondin-2+BSP 88.37 (38/43) 77.23 (95/123) 57.57 95.00
PSADT+BSP 95.35 (41/43) 88.62 (109/123) 74.54 98.20
Spondin-2+BSP+PSADT 97.67 (42/43) 90.24 (111/123) 77.78 99.11

Table VI. Two indicators joint detection.
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ciency was PSADT, Spondin-2, and BSP in the
order. PSADT and Spondin-2 showed relatively
high sensitivity. Their joint detection elevated
the sensitivity to 97.67% and the negative pre-
dictive value up to 99.11%. PSADT + BSP ex-
hibited better efficiency among two indicators
combination, indicating that joint detection can
increase the sensitivity and specificity of the di-
agnosis of prostate cancer bone metastasis.
Compared with an imaging examination, sero-
logical indicators examination can be repeated
and more economical and convenient. Monitor-
ing serum biomarkers of bone metastases con-
tributes to finding early bone metastases and
bone metabolic changes in the process of treat-
ment. Joint detection of bone markers is con-
ducive to the early diagnosis of prostate cancer
bone metastases20,21.

Conclusions

Serum BSP, Spondin-2, and PSADT increased
in prostate cancer patients with bone metastasis.
Their joint detection can improve the diagnostic
sensitivity and specificity.
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