
OBSERVATIONAL STUDY

Bone markers predict survival in castration-resistant 
prostate cancer patients treated with docetaxel

Takumi Endo, Naoto Kamiya, Hiroyoshi Suzuki, Ryo Oka, Fang-Ching Lee, Takanobu Utsumi, Masashi Yano, 
Shuichi Kamijima, Koji Kawamura, Takashi Imamoto, Tomohiko Ichikawa

Takumi Endo, Naoto Kamiya, Hiroyoshi Suzuki, Ryo Oka,  
Fang-Ching Lee, Takanobu Utsumi, Masashi Yano, Shuichi 
Kamijima, Department of Urology, Toho University Sakura 
Medical Center, Sakura-shi, Chiba 285-8741, Japan
Koji Kawamura, Takashi Imamoto, Tomohiko Ichikawa, 
Department of Urology, Graduate School of Medicine, Chiba 
University, Chiba-shi, Chiba 260-8670, Japan
Author contributions: All authors equally contributed this 
study.
Supported by Grants-in-Aid from the Ministry of Education, 
Culture, Sports, Science and Technology, Tokyo, Japan, No. 
22591761, No. 23791792
Correspondence to: Naoto Kamiya, MD, Department of 
Urology, Toho University Sakura Medical Center, 564-1 Shimo-
shizu, Sakura-shi, Chiba 285-8741, 
Japan. naoto.kamiya@med.toho-u.ac.jp
Telephone: +81-43-4628811  Fax: +81-43-4621700
Received: March 11, 2014      Revised: May 11, 2014  
Accepted: June 18, 2014
Published online: July 24, 2014

Abstract
AIM: To investigate the relationship between clinico-
pathological features and bone turnover markers in 
castration-resistant prostate cancer (CRPC) patients 
treated with docetaxel.

METHODS: Thirty-three patients were enrolled in this 
study. Serum levels of carboxyterminal cross-linked 
telopeptide of type 1 collagen generated by metallopro-
teinases (1CTP) and alkaline phosphatase (ALP) were 
measured at the start of docetaxel chemotherapy. We 
examined the relationship between clinicopathological 
features and serum levels of 1CTP and ALP levels in 
CRPC patients treated with docetaxel.

RESULTS: For the total patient group, the mean ± 
standard deviation (SD) values for docetaxel chemo-
therapy dose, dose intensity, dosage interval, and num-

ber of cycles were 59.3 ± 10.6 mg/m2, 13.9 ± 5.2 mg/
m2 per week, 4.7 ± 1.2 wk, and 11.2 ± 7.4, respective-
ly. Fourteen patients died from prostate cancer. Patients 
were divided into two groups according to mean + SD 
of serum 1CTP (8.2 ng/mL) and ALP (538.2 IU/L) levels 
at the start of docetaxel chemotherapy. Patients with 
lower levels of serum 1CTP and ALP had significantly 
better survivals than those with higher serum levels (P 
< 0.05).

CONCLUSION: Serum levels of 1CTP and ALP are 
predictors of survival in patients with CRPC who are 
treated with docetaxel.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study examined the relationship be-
tween clinicopathological features and serum levels of 
carboxy-terminal pyridinoline cross-linked telopeptide 
parts of type-1 collagen (1CTP) and alkaline phospha-
tase (ALP) in castration-resistant prostate cancer pa-
tients treated with docetaxel. Patients were divided into 
two groups according to mean + SD of serum 1CTP 
(8.2 ng/mL) and ALP (538.2 IU/L) levels at the start of 
docetaxel chemotherapy. Patients with lower levels of 
serum 1CTP and ALP had significantly better survivals 
than those with higher serum levels. Serum levels of 
1CTP and ALP are predictors of survival in patients with 
CRPC who are treated with docetaxel.
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INTRODUCTION
Prostate cancer (PCa) is the most common cancer among 
men in Western countries[1] and is the second leading 
cause of  death in men[2]. In Japan, the incidence of  PCa 
is rapidly increasing [3]. The clinical course of  this cancer 
varies markedly due to its biological heterogeneity[4]. 
PCa is androgen-dependent, so androgen deprivation 
therapy (ADT) is generally used for patients with locally 
advanced and metastatic PCa[5,6]. ADT is effective for 
several years, but the disease may ultimately evolve into 
castration-resistant prostate cancer (CRPC)[7,8].

Docetaxel chemotherapy is the first chemotherapy 
regimen to demonstrate a survival benefit in CRPC 
patients[9,10], but not all patients gain benefit from this 
therapy. Thus, identification of  factors that can predict 
favorable responses to docetaxel would be of  benefit for 
rational selection of  therapy for patients with CRPC.

PCa commonly metastasizes to bone, and these types 
of  metastases are associated with various complications 
and significant morbidity, including severe bone pain, 
prolonged hospital stay, reduced mobility, hypercalcemia, 
and pathologic fractures. Furthermore, skeletal-related 
events correlate with reduced overall and median sur-
vival and quality of  life of  patients with PCa. Biochemi-
cal markers of  bone metabolism may be useful, non-
invasive, and sensitive surrogates of  skeletal health. Car-
boxyterminal cross-linked telopeptide of  type 1 collagen 
generated by metalloproteinases (1CTP) is a marker of  
bone resorption and is a metabolic product of  mature 
type 1 collagen resorption[11]. Several studies have report-
ed that serum 1CTP levels were significantly higher in 
PCa patients with bone metastasis than in PCa patients 
without bone metastasis[12]. Alkaline phosphatase (ALP) 
is a marker of  bone formation and is widely used for as-
sessing bone metastases[13]. We previously reported that 
serum 1CTP and ALP levels were reliable for the detec-
tion of  bone metastatic spread and for the prediction of  
survival in PCa patients with bone metastasis[14].

The goal of  the present study was to focus on bone 
resorption and formation markers by examining the rela-
tionship between clinicopathological features and serum 
levels of  1CTP and ALP in patients with CRPC treated 
with docetaxel.

MATERIALS AND METHODS
A total of  33 patients treated at our medical institutions 
between 2005 and 2009 were investigated in this study. 
All patients had histologically confirmed PCa. They 
all eventually became resistant to ADT, progressed to 
metastatic CRPC, and received docetaxel chemotherapy. 
The dose of  docetaxel was 88.1 ± 24.7 (range, 40-130) 

mg/body, and the median number of  docetaxel chemo-
therapy cycles was 11 ± 8.5 (range, 1-33). Other patient 
characteristics are described in Table 1.

Blood samples were taken with informed consent. 
Serum samples, such as prostate specific antigen (PSA), 
C-reactive protein (CRP), 1CTP, and ALP, were measured 
at the start of  docetaxel chemotherapy. All serum samples 
were immediately frozen and stored at -20 ℃ until analy-
sis. Serum PSA (ARCHITECT, Abbott Laboratories, 
Abbott Park, IL, United States) and serum CRP (Alpha 
Diagnostic Intl. Inc., San Antonio, TX, United States) 
were measured. Serum 1CTP levels were measured by 
radioimmunoassay (Immundiagnostik, Bensheim, Ger-
many) to avoid the instability of  radioiodinated reagents. 
Serum ALP levels were measured with IATROLQ ALP 
(Mitsubishi Chemical Medience Corporation, Tokyo, Ja-
pan). The rate of  decrease in PSA was stratified according 
to > decline in 30%PSA and < decline in PSA. AEs were 
classified using common terminology criteria for adverse 
events (CTCAE) v4.0. 

Statistical analysis
Statistical significance was examined using the Mann-

Whitney U-test and Student’s t-test, and cause-specific sur-
vival curves were created using the Kaplan-Meier method 
with the log-rank test. For all analyses, differences were 
considered statistically significant at P < 0.05. All statistical 
analyses were performed using SPSS version 11.0 (SPSS 
Inc., Chicago, IL, United States).

RESULTS
For the total patient group, the mean ± SD values for 
docetaxel chemotherapy dose, dose intensity, dosage 
interval, and number of  cycles were 59.3 ± 10.6 mg/m2 
(range 20-75 mg/m2; median 60 mg/m2), 13.9 ± 5.2 mg/
m2 per week (range 3.3-25 mg/m2 per week; median 13.8 
mg/m2 per week), 4.7 ± 1.2 wk (range 3-8 wk; median 4 
wk), and 11.2 ± 7.4 (range 4-37; median 9), respectively. 
Mean follow-up time after the start of  docetaxel chemo-
therapy was 16.2 ± 12.0 mo (range, 0.2-38.6 mo). During 
the follow-up period, 14 patients (42%) died from PCa. 
The median survival period of  all patients was 16.2 ± 
12.0 mo (range, 0.2-38.6 mo).

Fourteen patients had a PSA decrease > 30%, and 
19 patients had a PSA decrease < 30%; thus, the PSA 
response rate was calculated to be 42.4%. The age at the 
start of  chemotherapy, PSA level at the start of  docetax-
el chemotherapy, with or without PSA flare , Gleason 
sum and Extent of  disease (EOD) score were not statis-
tically related to survival (data was not shown). However, 
the number of  chemotherapy cycles was significantly 
related to survival (data was not shown).

A number of  adverse events (AEs) were reported in 
this study. Nausea was reported in seven (21%) cases, 
including two (6%) cases with grade 2 nausea, and three 
(9%) cases with grade 3 nausea. Grade 2 constipation 
was reported in three (9%) cases. Grade 3 lymphedema 
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of  the limb was seen in two (6%) cases; this complica-
tion interfered with activities of  daily living and resulted 
in a decreased quality of  life. Grade 3 leukopenia was 
found in five (15%) cases.

During docetaxel chemotherapy up to five cycles, 
PSA flare was found in five (15%) cases. However, sta-
tistical analysis using the Kaplan-Meier method showed 
that PSA flare was not related to survival.

CRPC patients were stratified according to higher 
versus lower serum 1CTP levels using the mean + 
SD (8.23 ng/mL). Six patients had higher levels, and 
27 patients had lower levels. Using the Kaplan-Meier 
method to construct cause-specific survival curves, we 
established that patients with higher serum 1CTP levels 
showed statistically significantly worse survival when 
compared with those with lower levels of  1CTP (P < 
0.01) (Figure 1A).

CRPC patients were also stratified according to high-
er versus lower serum ALP levels using the mean + SD 
(538.24 IU/L). Nine patients had higher ALP levels, and 
24 patients had lower ALP levels. Patients with higher 
serum ALP levels showed statistically significantly worse 
survival than those with lower ALP levels (P < 0.05) 
(Figure 1B).

Finally, CRPC patients were stratified according to 
higher (≥ 1 mg/dL) versus lower (< 1 mg/dL) serum CRP 
levels. Twenty-four patients had higher levels of  CRP, and 
four patients had lower levels of  CRP. Statistical analysis 
using the Kaplan-Meier method to construct cause-specific 

survival curves showed that patients with higher serum 
CRP levels had significantly worse survival than those with 
low CRP levels (P < 0.01) (data not shown).

There was no significant difference in the dose of  
docetaxel when comparing patients with higher and 
lower levels of  1CTP, ALP, or CRP, respectively.

DISCUSSION
Two large randomized phase Ⅲ studies (SWOG 99-16 
and TAX 327) showed that docetaxel, when combined 
with either estramustine phosphate (EMP) or prednisone, 
significantly prolongs overall survival in men with meta-
static CRPC when compared with the former standard 
treatment[9,10,15]. The SWOG 99-16 study using EMP in 
combination with docetaxel confirmed the survival advan-
tage of  docetaxel-based chemotherapy[15]. The TAX-327 
study randomized 1006 patients to receive either docetaxel 
or mitoxantrone, each given with low-dose prednisone, 
and showed an extension of  overall survival, improve-
ment in quality of  life, pain control, PSA decline, and ob-
jective tumor response[9]. Data from these two landmark 
trials and from other studies demonstrating promising ac-
tivity for docetaxel against CRPC have resulted in the use 
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Table 1  Clinicopathologic characteristics of castration-resis-
tant prostate cancer patients n  (%)

Variable Value

Patients, n 33
Median (range)
  Age at start of chemotherapy, years    71.5 ± 7.4 (55-83)
  PSA levels at start of chemotherapy, ng/mL    93.3 ± 131.3 (6.3-744.5)
  PSA levels (initial diagnosis), ng/mL  877.8 ± 2259.1 (21.0-12490)
  Dose of docetaxel, mg/body    88.1 ± 24.7 (40-130)
  Dose of docetaxel, mg/m2    53.3 ± 13.1 (30-70)
  Number of cycles, n       11 ± 8.5 (1-33)
  Survival period after chemotherapy, mo    16.2 ± 12.0 (0.2-38.6)
Clinical T stage
  3 28 (84.8)
  4    5 (15.2)
Lymph node status
  0 15 (45.5)
  1 18 (54.5)
Gleason sum (initial diagnosis)
  < 6   3 (10.0)
  7   7 (23.3)
  8   5 (16.7)
  9 11 (36.7)
  10   4 (13.3)
EOD score (initial diagnosis)
  0 12 (36.4)
  1   3 (9.1)
  2 10 (30.3)
  3   8 (24.2)

CRPC: Castration-resistant prostate cancer; PSA: Prostate specific antigen; 
EOD: Extent of disease.
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Figure 1  Cause-specific survival curves of castration-resistant prostate 
cance patients according to serum carboxy-terminal pyridinoline cross-
linked telopeptide parts of type-1 collagen levels (A) and alkaline phos-
phatase  levels (B).

P  < 0.01



of  docetaxel-based chemotherapy as a standard treatment 
for metastatic CRPC[16,17]. Indeed, docetaxel-based chemo-
therapy against metastatic CRPC is recommended by the 
National Comprehensive Cancer Network (NCCN) and 
the European Association of  Urology (EAU) guidelines 
and is widely used in Japan.

Since the data described above were published, fur-
ther data have become available from TAX-327, and 
prognostic factors and nomograms for docetaxel therapy 
have been proposed[18-21]. In 2010, Armstrong et al[20] 
reported that four independent risk factors predicted 
a ≥ 30% increase in PSA within 3 mo of  starting che-
motherapy, pain, as well visceral metastases, anemia, 
and bone scan progression following treatment with 
docetaxel. Furthermore, a nomogram integrating several 
pretreatment factors (e.g., pain, performance status, ALP, 
number of  sites of  metastatic disease, liver metastases, 
hemoglobin, PSA, and time since diagnosis) was vali-
dated for the prediction of  post-progression survival. 
Armstrong et al[21] described evidence for the benefit of  
continuation of  chemotherapy beyond progression only 
for men who had isolated worsening of  pain. We similar-
ly demonstrated that serum ALP level was a prognostic 
factor and that serum 1CTP level was also a useful prog-
nostic factor for cause-specific survival in patients with 
CRPC who are treated with docetaxel chemotherapy.

Bone metastases are present in almost all CRPC pa-
tients receiving docetaxel therapy. In our previous study, 
we reported that serum ALP levels were useful for the 
detection of  bone metastatic spread and for predicting 
survival probability in PCa patients with bone metasta-
sis[14]. Sonpavde et al[22] investigated patients with bone 
metastasis and high baseline ALP who were treated with 
docetaxel and reported that normalization of  ALP by 
day 90 was predictive of  better survival independent of  
whether or not a 30% decline in PSA was achieved. An 
increase in ALP by day 90 was also predictive of  poor 
survival independent of  whether or not a 50% increase 
in PSA occurred.

Serum ALP level is a useful biomarker in patients 
with prostate cancer that is characterized by osteosclerotic 
bone metastasis. Based on data from the present study, 
serum 1CTP (a bone formation marker) may also be a 
reliable biomarker in CRPC patients. Indeed, serum 1CTP 
level was an independent predictor of  bone metastasis ac-
cording to univariate and multivariate analysis in our pre-
vious paper. Furthermore, as the EOD score increased, 
serum levels of  1CTP also significantly increased. Serum 
1CTP level was also a significant independent predictor 
of  cause-specific survival according to univariate and mul-
tivariate analysis[13]. Patients with higher levels of  1CTP 
showed worse prognosis, and our analysis suggests that 
therapies other than docetaxel should be considered for 
patients with higher levels of  1CTP.

A previous study reported that CRP is an indepen-
dent prognostic factor for overall survival in patients 
with CRPC treated with docetaxel[23]. Similarly, we found 
that patients with lower CRP levels (< 1 mg/dL) had 

better outcomes than those with higher CRP levels (≥ 
1 mg/dL) (P < 0.01). These data suggest that CRP level 
can predict outcomes in patients with CRPC treated 
with docetaxel. Narita et al[24] used multivariate analysis 
to demonstrate that serum lactate dehydrogenase (LDH) 
was an independent prognostic factor for overall sur-
vival. Another analysis suggested that levels of  serum 
markers of  angiogenesis [e.g., endothelin-1 (ET-1) and 
tissue factor (TF)] and/or markers of  vascular damage 
[e.g., circulating endothelial cells] could predict overall 
survival in CRPC patients treated with docetaxel[25].

Measurement of  serum bone turnover markers, such as 
1CTP or ALP, is useful when PCa patients are diagnosed 
with CRPC. If  high serum bone turnover marker levels are 
observed, the patient will need to be treated by immediate 
and adequate intervention (i.e., docetaxel chemotherapy or 
bone targeted therapy).  This study has several limitations, 
further investigation is necessary to confirm our results.

In conclusion, the present study demonstrates that 
serum levels of  1CTP and ALP are predictors of  surviv-
al in patients with CRPC who are treated with docetaxel. 
The novel agents (i.e., abiraterone acetate, enzalutamide, 
radium-223, and cabozantinib) offer new options for the 
treatment of  patients with CRPC, including those with 
disease that is resistant to docetaxel chemotherapy in 
Western countries.
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