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 Background: Prostate carcinoma (PCa) is often not diagnosed until advanced disease with bone metastasis. Predictive fac-
tors for bone metastasis are required to improve patient outcomes. The study aimed to analyze the factors as-
sociated with bone metastases in newly diagnosed patients with PCa.

 Material/Methods: This was a retrospective study of 80 patients newly diagnosed with PCa by pathological examination between 
January 2012 and December 2014. Bone metastases were diagnosed by positron emission computed tomog-
raphy. Clinical data, serological laboratory results, and pathological examination results were collected.

 Results: Among the 80 patients, 45 (56%) had bone metastases. Age, serum alkaline phosphatase, prostate-specific 
antigen (PSA), erythrocyte sedimentation rate, PCa tissue Gleason score, androgen receptor (AR) expression, 
and Ki-67 expression were higher in patients with bone metastasis compared with those without (all P<0.05). 
Multivariate logistic regression showed that PSA (OR: 1.005; 95%CI: 1.001–1.010; P=0.016), Gleason score (OR: 
4.095; 95%CI: 1.592–10.529; P=0.003), and AR expression (OR: 14.023; 95%CI: 3.531–55.6981; P=0.005) were 
independently associated with bone metastases. Cut-off values for PSA, Gleason score, and AR expression were 
67.1 ng/ml (sensitivity: 55.6%; specificity: 97.1%), 7.5 (sensitivity: 75.6%; specificity: 82.9%), and 2.5 (sensitiv-
ity: 84.0%; specificity: 91.4%), respectively.

 Conclusions: PSA, Gleason score, and AR expression in PCa tissues were independently associated with PCa bone metasta-
ses. These results could help identifying patients with PCa at high risk of bone metastases.
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Background

Prostate cancer (PCa) ranks second among the most common 
types of solid tumors and the sixth among the leading causes 
of cancer deaths in men worldwide [1–3]. In the United States 
in 2015, there were 27,540 deaths resulting from an estimated 
220,800 new cases of PCa [4,5], accounting for 25% of the inci-
dence of the 3 most common cancers (prostate, lung and bron-
chus, and colorectal) [4,5]. The incidence of PCa in South-Central 
Asia is much lower than that in most of America, Oceania, and 
western and northern European countries [4,6,7]. The incidence 
of PCa is now rapidly increasing in China, probably due to sig-
nificant changes in lifestyle (such as diet and smoking habits), 
ageing population, environmental factors (such as increased 
pollution), monitoring prostate-specific antigen (PSA), and ad-
vanced radiological investigations among the elderly popula-
tion [6–10]. In Shanghai, the incidence of PCa has increased by 
more than 4.8-fold since 1980 and is now the most common 
genitourinary tumor in males in this region [11].

Metastases are present in 24–35% of patients with newly diag-
nosed PCa, with bone metastasis accounting for approximately 
70% of these cases [12]. Among patients with PCa in the USA, 
the incidence of bone metastasis is 8% among Caucasian pa-
tients, and 14% among those of African American origin [13]. 
In Asian populations, studies reported an incidence of bone 
metastases of PCa of 14–36% [14–16]. Bone metastases in 
patients with PCa is associated with bone-related complica-
tions including pain at metastatic sites, brittle bones, and os-
teoporosis [2,3]. Severe disease may also induce pathologi-
cal fracture, vertebral collapse, and symptoms of spinal cord 
compression caused by tumor direct invasion [2]. These symp-
toms have a serious impact on the quality of life of patients 
with PCa [11,12]. The prognosis of PCa patients with bone me-
tastases is poor, with a survival of only 3–5 years [17]. This is 
due to the lack of effective treatments and poor health aware-
ness. Furthermore, the absence of obvious clinical symptoms 
in the early stages of disease often mean that most patients 
are with advanced PCa and bone metastases at initial diagno-
sis [11,16,18]. Therefore, there is a need to identify factors as-
sociated with the presence of bone metastases at diagnosis.

Previous studies showed that age, alkaline phosphatase (ALP), 
erythrocyte sedimentation rate (ESR), Gleason score, and pros-
tate tissue expression of androgen receptors (AR) and Ki-67 are 
associated with the presence of bone metastases in PCa [11,12], 
but the exact relationships vary among studies. The Gleason 
score is based on histopathological grading of tumor architec-
ture and is the strongest clinical predictor of prostate cancer 
progression [19], but this grading system has changed over 
time, reducing its predictive value [20]. PSA is an antigen that 
is exclusively secreted by PCa cells [9] and PCa metastases 
keep this ability [2]. Ki-67 is a marker of cell proliferation and 

is generally thought to represent the aggressiveness of can-
cers [21,22]. Androgen receptors play a critical role in the de-
velopment of PCa and are an important marker for efficacy of 
androgen deprivation therapies [23,24]. The diagnosis of bone 
metastasis is relatively straightforward using various imaging 
methods such as technetium-99m (99mTc) bone scintigraphy, 
positron emission computed tomography (ECT), and magnet-
ic resonance imaging (MRI) [2]. However, these techniques are 
used for the detection of established metastases and are re-
source-consuming. Therefore, simple markers of bone metas-
tases are necessary.

In the present retrospective study, the data of Chinese patients 
with PCa were reviewed in order to identify factors associated 
with bone metastases of PCa. These results could allow iden-
tifying patients at higher risk of bone metastases.

Material and Methods

Study design and patients

This was a retrospective study 80 Chinese patients (age range, 
54–93 years; median, 74 years) newly diagnosed with PCa at 
the Department of Nuclear Medicine, Guangzhou First People’s 
Hospital, Guangzhou Medical University (Guangdong, China) 
between January 2012 and December 2014. Inclusion criteria 
were: 1) diagnosed with PCa confirmed by prostate tissue pa-
thology of samples obtained by transrectal ultrasound-guided 
prostate biopsy or surgery; 2) available ECT data; 3) newly di-
agnosed PCa; and 4) no history of chemotherapy, radiothera-
py, or hormone therapy. Patients with bone metastases result-
ing from other malignancies were excluded. The 80 patients 
were divided into 2 groups based on the presence (n=45) or 
absence (n=35) of bone metastases.

This study was approved by the Ethics Committee of the 
Guangzhou First People’s Hospital (No. 2015068).

Data collection

Demographic data (age and body mass index [BMI]), clini-
cal symptoms (prostate volume [PV] and T stage), histologi-
cal analysis (Gleason score, AR, and Ki-67 of PCa tissues), and 
biochemical examinations (serum ALP, PSA, and ESR) were re-
trieved from the medical charts.

Histological analysis

PCa tissues were obtained by transrectal ultrasound-guided 
prostate biopsy or surgery. The Gleason scores were evaluat-
ed as described previously [25,26]. AR and Ki-67 expressions 
in PCa tissues were analyzed by immunohistochemistry using 
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rabbit anti-human AR monoclonal antibody (Clone EP120; lot 
number: 14620206; ZSGB-BIO, Beijing, China) and rabbit an-
ti-human Ki-67 monoclonal antibody (Clone 30-9; lot number: 
E10075; Roche Diagnostics, Basel, Switzerland). Immunoreactive 
sites were visualized with diaminobenzidine (DAB), and coun-
terstained with hematoxylin. The slides were randomly and 
blindly analyzed by 2 independent experienced pathologists. 
AR expression was evaluated using a semi-quantitative scor-
ing method: 0–5% (negative expression, –, scored 0); 5–25% 
(weak positive expression, +, scored 1); 25–50% (moderate 
positive expression, ++, scored 2), and >50% (strong positive 
expression, +++, scored 3). The Ki-67 positive expression rate 
(%) was expressed as the percentage of immunoreactive tu-
mor cells among the total counted tumor cells.

Diagnosis of bone metastasis by ECT

Single photon emission computed tomography (SPECT) 
(Millennium VG 5) with the Hawkeye system (GE Healthcare, 
Waukesha, WI, USA) and 99mTC-MDP as imaging agent were 
used to diagnose bone metastases.

Statistical analysis

Continuous variables are presented as mean ± standard devi-
ation (SD) and were analyzed using the independent samples 
t-test. Categorical variables are presented as proportions and 
were analyzed using the Fisher’s exact test. Odds ratio (OR) 
and 95% confidence intervals (95%CIs) were determined by 
multivariate logistic regression analysis using stepwise meth-
ods. Selected variables with P-values <0.05 in the univariate 
analyses were considered for inclusion in the regression mod-
el, but because the sample size was small, only data for PSA, 
PCa tissue Gleason score, AR, and Ki-67 were included in the 
multivariate model. The discriminative abilities of PSA, Gleason 
score, and AR to identify bone metastases were verified us-
ing the area under the receiver operating curve (ROC). Data 
were analyzed using SPSS 17 (IBM, Armonk, NY, USA). Two-
sided P-values <0.05 were considered statistically significant.

Results

Characteristics of the patients

The demographic and clinical characteristics of patients with 
PCa are shown in Table 1. Age, ALP, PSA, and ESR of patients 
with bone metastases were higher than in patients without 
bone metastasis (P=0.001, 0.028, 0.031, and 0.009, respective-
ly), but PV, BMI, and T stage were comparable between the 2 
groups (all P>0.05).

Representative immunohistochemistry images of AR and Ki-
67 expression are shown in Figure 1. Gleason score and ex-
pressions of AR and Ki-67 were also significantly higher in 
patients with bone metastasis than in those without bone 
metastasis (all P<0.001).

Univariate and multivariate analyses of factors associated 
with bone metastasis in patients with PCa

The results of univariate and multivariate logistic regression 
analyses are shown in Table 2. Univariate regression analysis 
indicated that PSA (OR=1.003; 95%CI: 1.000–1.007; P=0.014), 
Gleason score (OR=2.964; 95%CI: 1.841–4.773; P<0.001), AR 
expression (OR=8.966; 95%CI: 4.079–19.708; P<0.001), and Ki-
67 expression (OR=1.054; 95%CI: 1.024–1.084; P<0.001) were 
associated with PCa bone metastasis. In multivariate regres-
sion analysis, PSA (OR=1.005; 95%CI: 1.001–1.010; P=0.016), 
Gleason score (OR=4.095; 95%CI: 1.592–10.529; P=0.003), and 
AR expression (OR=14.023; 95%CI: 3.531-55.6981; P=0.005) 
in PCa tissues were independently associated with PCa bone 
metastases.

ROC curves

The 3 variables identified in the multivariate analysis were test-
ed using the ROC curve method for the prediction of bone me-
tastases in patients with PCa. Cut-off values for PSA, Gleason 
score, and AR expression were 67.1 ng/ml (AUC: 0.819; sensi-
tivity: 55.6%; specificity: 97.1%), 7.5 (cut-off value: 7.5; AUC: 
0.866; sensitivity: 75.6%; specificity: 82.9%) and 2.5 (cut-off 
value: 2.5; AUC: 0.894; sensitivity: 84.0%; specificity: 91.4%), 
respectively (Figure 2).

Discussion

With few clinical symptoms in the early stages, PCa is often 
not diagnosed until disease is advanced with bone metasta-
sis. Therefore, the aim of the present study was to analyze the 
data of Chinese patients with PCa in order to identify factors 
associated with bone metastases of PCa. Results showed that 
PSA, Gleason score, and AR expression in PCa tissues were in-
dependently associated with PCa bone metastases. These re-
sults could allow identifying patients at higher risk of bone 
metastases at diagnosis.

PSA is secreted exclusively by prostate epithelial cells, thus ex-
hibiting high tissue specificity, rather than cancer specificity. 
Under normal physiological conditions, there is a barrier be-
tween the prostate acinus that secretes PSA and the lymphat-
ic system [27]. Consequently, only small amounts of PSA cross 
into the circulation and the serum concentration in males is 
very low. In PCa, this concentration increases with cancer cell 
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Variables Bone metastases (n=45) No bone metastasis (n=35) P

Age (years)  76.3±1.0  71.4±1.1 0.001

PV  51.6±25.7  53.4±21.6 0.428

BMI (kg/m2)  23.3±2.6  23.5±2.4 0.627

ALP (U/L)  199.6±49.6  75.9±3.0 0.031

PSA (ng/ml)  241.5±62.8  65.2±37.4 0.028

ESR (mm/h)  45.8±3.3  31.0±4.7 0.009

Gleason score  8.2±0.2  5.9±0.3 <0.001

Gleason score, n (%) <0.001

 £6  4 (8.9)  21 (60.0)

 7  7 (15.6)  8 (22.9)

 ³8  34 (75.6)  6 (17.1)

AR  2.8±0.1  1.4±0.1 <0.001

Ki-67 positive expression rate (%)  34.2±3.8  11.4±2.5 <0.001

T stage, n (%) 0.101

 T1 5 11

 T2 33 18

 T3 3 3

 T4 4 3

Table 1. Characteristics of the patients.

Data are shown as mean ± standard deviation (SD) or percentage, as appropriate. PV – prostate volume; BMI – body mass index; 
ALP – alkaline phosphatase; PSA – prostate-specific antigen; ESR – erythrocyte sedimentation rate; AR – androgen receptor.

A

D

B

E

C

F

Figure 1.  Androgen receptor (AR) and Ki-67 expressions in prostate carcinoma tissues were determined by immunohistochemistry. 
(A) AR negative (–); (B) AR weak positive (+); (C) AR moderate positive (++); (D) AR strong positive (+++); (E) Ki-67 negative; 
(F) Ki-67 positive. Magnification: ×100.
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overgrowth and PV and damage to the normal prostate tis-
sue structure [28]. This effect is also observed when PCa cells 
that transfer to the bone in patients with bone metastasis [29]. 
Indeed, studies showed that PSA has predictive value for PCa 
bone metastases. PSA levels exceeding 100 ng/mL are associ-
ated with a 41.4–79.9% probability of bone metastasis, while 
the probability is low at PSA concentrations lower than 20 ng/L 
[30,31]. In this study, the mean PSA concentration for PCa pa-
tients with bone metastasis was significantly higher than that 
in the group of patients without metastasis. Multivariate re-
gression analysis indicated that PSA was an independent fac-
tor for PCa bone metastasis. In addition, the cut-off value for 
PSA was 67.1 ng/mL (sensitivity: 55.6%; specificity: 97.1%).

The Gleason rating system is regarded as the best indicator of 
tumor staging and prognosis [19,32]. The main and second-
ary areas of prostate cancer lesions are classified into 5 levels, 
with the histological score obtained by the addition of those 
of the 2 levels ranging from 2 to 10. Gleason scores £6 indi-
cate low risk, while 7 indicates moderate risk, and >8 indicates 
high risk [25]. The Gleason score is one of the main reference 
indicators for diagnosis, determination of treatment approach-
es, treatment effect, and prognosis [32]. Some studies showed 
that bone metastasis occurred in patients with advanced PCa 
with Gleason scores greater than 7 and local infiltration or pos-
itive bone scans were observed [33]. In the present study, 34 of 
the 45 patients with bone metastasis had Gleason scores ³8. 
Among the 35 patients without bone metastasis, only 6 had 
Gleason scores ³8. Multivariate regression analysis revealed 
that the Gleason score was an independent factor associated 
with PCa bone metastasis, with a cut-off value of 7.5 (sensi-
tivity: 75.6%; specificity: 82.9%). The Gleason score has been 
shown to predict prognosis in patients with PCa and bone 
metastases [19]. Another study suggested that patients with 
a Gleason score £6 had a low risk of bone metastases [30].

Evaluation of degree of AR expression can predict the distri-
bution of AR in PCa tissue, which guides disease classification, 
treatment approaches, and prognosis [23,24]. In this study, AR 
expression in PCa tissue was higher in patients with bone me-
tastasis than in those without. In addition, the multivariate 
regression analysis revealed that AR expression in PCa tissue 
was an independent factor correlated with PCa bone metasta-
sis, with a cut-off value of 2.5 (sensitivity: 84.0%; specificity: 
91.4%). However, the studies of AR and prognosis are contro-
versial. Indeed, some studies showed that AR was associat-
ed with prognosis of PCa [34–36], while other studies showed 
that AR was not [37,38]. These discrepancies may be due to a 
number of reasons including patient population and patient 
selection. Additional studies are still necessary.

Ki-67 is a nuclear antigen associated with proliferative cells 
and is commonly used in studies of many malignancies, 

Variables
Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

PSA 1.003 1.000–1.007 0.014 1.005 1.001–1.010 0.016

Gleason score 2.964 1.841–4.773 <0.001 4.095 1.592–10.529 0.003

AR 8.966 4.079–19.708 <0.001 14.023 3.531–55.691 0.005

Ki-67 1.054 1.024–1.084 <0.001 1.003 0.963–1.044 0.899

Table 2.  Univariate and multivariate logistic regression analyses of the factors associated with bone metastases in patients with 
prostate carcinoma.

PSA – prostate-specific antigen; AR – androgen receptor; OR – odds ratio; 95% CI – 95% confidence intervals.

Figure 2.  Receiver operating characteristic (ROC) curves of 
prostate-specific antigen (PSA), Gleason score, and 
the prostate carcinoma tissue AR-positive expression 
for the prediction of bone metastasis in patients with 
prostate carcinoma. PSA (cut-off value: 67.1 ng/mL; 
AUC: 0.819; sensitivity: 55.6%; specificity: 97.1%). 
Gleason score (cut-off value: 7.5; AUC: 0.866; 
sensitivity: 75.6%; specificity: 82.9%). AR (cut-off value: 
2.5; AUC: 0.894; sensitivity: 84.0%; specificity: 91.4%).
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especially PCa [21,22,38]. Ki-67 is higher in poorly differenti-
ated adenocarcinoma tissues compared with that in well-dif-
ferentiated adenocarcinoma tissues, suggesting that the de-
gree of Ki-67 staining is correlated with histological grade [21]. 
Furthermore, the number of Ki-67-positive tumor cells (Ki-67 
marking index) is usually correlated with the clinical course of 
disease and has important reference value in the evaluation 
of the diagnosis, treatment and prognosis of PCa [21,22,37]. 
In this study, the degree of Ki-67 expression was significantly 
higher in patients with bone metastasis than in those with-
out. However, the degree of Ki-67 expression was not inde-
pendently correlated with PCa bone metastasis. A number of 
reasons might be involved in this discrepancy. Indeed, there 
is no standardized measurement of Ki-67 [39], introducing an 
important bias among studies.

The limitations of this study should be noted. First, due to the 
retrospective design, the conclusion of this study may be af-
fected by biases in the selection of the patients and data ex-
traction. Second, this study was conducted in a relatively small 
sample size, with more patients with bone metastasis than 
those without. Third, the data were obtained from patients 

treated at a single center in China, which limits the generaliz-
ability of the results to the wider population. Finally, of course, 
the present study only examined factors that are routinely as-
sessed in the clinical management of PCa, but novel markers 
such as aberrant DNA methylation [40,41], miRNA expression 
[42], and genes involved in inflammation [43] are promising 
and should be examined in future studies. Multicenter pro-
spective studies including larger sample sizes are required to 
confirm the conclusions of this study.

Conclusions

The present study strongly suggests that PSA, Gleason score, 
and AR expression in the PCa tissues were independently cor-
related with PCa bone metastases at diagnosis. These results 
might be important in the prediction of disease progression 
and improving outcomes in Chinese patients with PCa.
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