
Introduction
Androgen deprivation therapy (ADT) consisting of 
a luteinizing hormone-releasing hormone (LH-RH) 
agonist or surgical castration with or without an 
antiandrogen is the gold standard as initial systemic 
treatment for patients with metastatic prostate cancer 
[1]. Recently, several new agents that act on the androgen 
pathway have shown clinical benefits for patients 
whose prostate cancer progressed after initial ADT. For 
example, abiraterone acetate, which blocks androgen 
biosynthesis by inhibiting CYP17, has demonstrated 
improvement on overall survival (OS) in patients with 
metastatic castration-resistant prostate cancer (CRPC) 
that progressed after docetaxel-based chemotherapy in 
combination with low dose prednisone [2]. Abiraterone 
acetate has also shown a significant improvement in 
radiological progression-free survival (PFS) and OS in 
patients with chemotherapy-naïve metastatic CRPC [3]. 
There is another androgen biosynthesis blocker, called 
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Background: The objective of this study is to provide certain data on clinical outcomes and their predictors of traditional maximum 
androgen blockade (MAB) in prostate cancer with bone metastasis. Methods: Subjects were patients with prostate adenocarcinoma 
with bone metastasis initiated to treat with MAB as a primary treatment without any local therapy at our hospital between January 
2003 and December 2010. Time to prostate specific antigen (PSA) progression, overall survival (OS) time, and association of clinical 
factors and outcomes were retrospectively evaluated. Results: A total of 57 patients were evaluable. The median age was 70 years. 
The median primary PSA was 203 ng/ml. Luteinizing hormone-releasing hormone agonists had been administered in 96.5% of the 
patients. Bicalutamide had been chosen in 89.4 % of the patients as the initial antiandrogen. The median time to PSA progression 
with MAB was 11.3 months (95% confidence interval [CI], 10.4 to 13.0). The median OS was 47.3 months (95% CI, 30.7 to 81.0). 
Gleason score 9 or greater, decline of PSA level equal to or higher than 1.0 ng/ml with MAB, and time to PSA nadir equal to or shorter 
than six months after initiation of MAB were independent risk factors for time to PSA progression (P0.010, P0.005, and P0.001; 
respectively). Time to PSA nadir longer than six months was the only independent predictor for longer OS (HR, 0.255 [95% CI, 0.109 
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TAK-700 [4, 5]. Two large global phase III trials on this 
agent are now ongoing for patients with metastatic CRPC, 
one of which targets the stage after docetaxel failure and 
the other in a chemotherapy-naïve setting. Enzalutamide 
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is the so-called second-generation antiandrogen which 
blocks not only binding of testosterone with androgen 
receptors (AR) but also nuclear translocation and DNA 
binding of AR [6]. Enzalutamide has prolonged overall 
survival in patients with post-docetaxel CRPC based on a 
placebo-controlled randomized study [7].

These new agents mentioned above may be proven to be 
beneficial in the earlier stages of prostate cancer in the 
near future. Moreover, degarelix, an LH-RH antagonist, has 
achieved statistically significant prostate specific antigen 
(PSA) progression-free survival benefit over leuprolide, a 
LH-RH agonist [8-10]. In this situation, it is important to 
precisely evaluate the clinical efficacy of ADT consisting 
of traditional maximum androgen blockade (MAB) at this 
time. There have been several reports of outcomes from 
patients with prostate cancer treated with ADT [11-27]; 
however, the number of studies, that reported outcomes 
in patients with bone metastatic prostate cancer treated 
primarily with MAB without any local treatment, is limited. 
Recently, outcomes of MAB as an initial treatment for 
patients with bone metastatic prostate cancer have been 
reported, in which the significant impact of PSA kinetics 
not on OS but on disease progression was demonstrated 
[16].

The objective of the current study is to provide certain 
data on the clinical efficacy of ADT by traditional MAB 
as initial systemic therapy for bone metastatic prostate 
cancer and to evaluate the impact of biomarkers on their 
clinical outcomes, which will be useful in development of 
future clinical study protocols.

Patients and methods
Patients with bone metastatic prostate cancer, who 
had been initially treated with ADT, consisting of MAB, 
without any local therapy at Kinki University Hospital 
between January 2003 and December 2010 were 
retrospectively investigated. Patients with an Eastern 
Cooperative Oncology Group performance status of 0 or 
1 at diagnosis were eligible for this study. Patients who 
had received any bisphosphonate or denosumab before 
disease progression with initial ADT were excluded.

The primary study endpoint was time to PSA progression 
with initial ADT, defined as the day of the first time of 
a consecutive three-time rise of serum PSA level after 
confirming the nadir. The secondary endpoint was OS. 
Baseline patient characteristics and PSA response and 
kinetics after initiation of ADT were evaluated for their 
impacts on time to PSA progression and OS. Time to 
PSA progression and OS were calculated by Kaplan-
Meier method. Univariate and multivariate analyses 
were performed using the Cox’s proportional hazards 
regression model for evaluation of biomarkers to predict 
time to PSA progression and OS. P-value below 0.05 was 
considered to be significant. SPSS version 18.0 (SPSS, 
Chicago, IL, USA) was used for all statistical analyses.

Results
Patient characteristics
A total of 57 patients met the eligibility criteria and 
were evaluable for this analysis. Bone metastasis 
had been diagnosed with a bone scan and, in case of 
doubt, confirmed with magnetic resonance imaging or 
computed tomography (CT) for all patients included 
in this analysis. CT scan from chest to pelvic cavity had 
been also performed for each patient to detect other 
metastasis. No patients evaluated underwent biopsy of 
metastatic sites. The median follow-up period was 44.6 
months (range, 6.0–99.6) at the evaluation. Table 1 shows 
the patient characteristics. The median age of the cohort 
at diagnosis was 70 (range, 41–90). The median serum 
primary PSA concentration was 203 ng/ml (range, 6.7–
8,546). Seventy-nine percent of the patients had a Gleason 
score 8 or greater at baseline prostate biopsy. The extent 
of bone metastasis was evaluated according to the extent 
of disease (EOD) score. Thirty-four (59.6%) patients had 
EOD score of 2 or higher. Regional lymph node metastasis 
was observed in 61.5 % of the patients, three out of 
whom had also metastasis to the para-aortic lymph node. 
Pulmonary metastasis was detected in two patients. 

LH-RH agonists had been administered in 96.5% of 
the patients, two thirds or more of whom had received 
leuprolide, in initial ADT. Bicalutamide had been chosen 
in 89.4 % of the patients as the initial antiandrogen. 
Anti-androgens had been administered from one to two 
weeks before LH-RH agonist administration. Patients 
who had undergone surgical castration had received anti-
androgens simultaneously. Eighty-eight percent of the 
patients had experienced disease progression with initial 
ADT at the time of analysis. Alternative antiandrogen 
therapy had been adopted in 54.4% of the patients as the 
second-line treatment. Dexamethasone or estramustine 
phosphate had been used in 61.4% or 57.8% of the 
patients, respectively, as the second- or third-line hormone 
therapy with or without docetaxel. Overall 49.1% of the 
patients had been treated with a docetaxel-containing 
regimen as the first-line chemotherapy. Four patients 
(7.0%) had received cisplatine-based chemotherapy after 
failure to treatment with docetaxel-containing regimens. 
Palliative radiation therapy against bone metastases had 
been performed in 14 patients (24.6%, data not shown).

Time to prostate specific antigen progression with initial 
androgen deprivation therapy
The median time to PSA progression with initial ADT was 
11.3 months (95% confidence interval [CI], 10.4 to 13.0, 
Figure 1). 

As shown in Table 2, the age at diagnosis, the serum 
primary PSA concentration, the baseline EOD score and 
the status of lymph node metastasis were not associated 
with time to PSA progression. Baseline Gleason score 9 or 
greater had a significant impact on time to PSA progression 
(hazard ratio [HR], 3.614 [95% CI, 1.356 to 9.624]; 
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Table 1 Clinical characteristics of patients

Characteristics Values in number (%)

No. of patients

Median age at diagnosis (range)

Primary PSA  (range)

Baseline Gleason score

6 or less

7                                                          　 

8

9 or 10

Unknown

   57

   70 years

   (41–90 years)

  203 ng/ml

   (6.7–8546 ng/ml)

    

    5 (8.7)

    5 (8.7)

   10 (17.5)

35 (61.4)

    2 (3.5)
Baseline EOD score

1

2

3

4

Lymph node metastasis

Regional

Para-aorta

Pulmonary metastasis

Initial systemic therapy

Surgical castration                                                            

LH-RH agonist

Leuprolide 

Goserelin Acetate

Antiandrogen 

Bicalutamide 

Chlormadinone Acetate             　 

Flutamide 

Salvage systemic therapy after disease 

progression

Alternative antiandrogen therapy 

Dexamethasone 

Estramustine phosphate

Docetaxel 

Cisplatin

 

   23 (40.3)

   19 (33.3)

    8 (14.0)

    7 (12.3)

35 (61.5)

3 (5.3)

2 (3.5)

2 (3.5)

  

   39 (68.4)

   16 (28.1)

  

   51 (89.4)

    4 (7)

    2 (3.5)

   

   31 (54.4)

   35 (61.4)

   33 (57.8)

   28 (49.1)

    4 (7)

Abbreviations: PSA = prostate specific antigen; LH-RH = Luteinizing 
hormone-releasing hormone; EOD = extent of disease

P0.010) based on the multivariate analysis. Existence 
of component of Gleason grade 5 had no significance on 
time to PSA progression (data not shown).

Decline in serum PSA level in any degree had been 
detected in all of the patients with the initial ADT, whereas 
38 (66.7%) patients had achieved PSA decline less than 
1.0 ng/ml. Patients who did not achieve PSA decline less 
than 1.0 ng/ml with initial ADT had a significant risk of 
early time to PSA progression (HR, 2.527 [95% CI, 1.320 
to 4.826]; P0.005).

The median time to reaching nadir levels of serum PSA 
with initial ADT was 5.9 months (95% CI, 5.6 to 6.2) for all 
patients (data not shown). Time to PSA nadir more than 
six months was the strongest independent predictor for 
longer time to PSA progression based on the multivariate 
analysis (HR, 0.105 [95% CI, 0.047 to 0.234]; P0.001).

Overall survival
Thirty patients (52.6%) had died at the time of analysis. 
Out of 30 patients died, 26 (87%) had died of the prostate 
cancer, three other cancers, and one pneumonitis. The 
median OS was 47.3 months (95% CI, 30.7 to 81.0, Figure 
2). Baseline patient characteristics including the age at 
diagnosis, the primary PSA concentration, Gleason score, 
EOD score, and the status of lymph node metastasis were 
not associated with OS based on multivariate analysis 
(Table 3). Docetaxel-based chemotherapy also did not 
have a significant impact on OS.

PSA decline less than 1.0 ng/ml with initial ADT did not 
significantly affect OS (HR, 2.27 [95% CI, 0.996 to 4.931]; 
P0.051). Time to PSA nadir more than six months with 
initial ADT independently predicted longer OS with HR 
of 0.255 (95% CI, 0.109 to 0.597; P0.002) based on 
multivariate analysis.

Figure 1 Kaplan-Meier analysis of the time to prostate-specific antigen 
progression after initiation of androgen-deprivation therapy.
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Table 2 Association of clinical factors with time to prostate specific antigen progression.

Variable
Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Age at diagnosis

≤70 referent referent

>70 1.350 ( 0.716–2.547） 0.354 1.381 ( 0.738–2.691） 0.312

Primary PSA

≤203ng/ml referent referent

>203ng/ml 1.840 ( 0.992 – 3.414） 0.053 1.854 ( 1.004 – 3.419） 0.051

Baseline Gleason score

≤8 referent referent

≥9 3.282 ( 1.217–8.853） 0.019 3.614 ( 1.356–9.624） 0.010

Baseline EOD score

1 referent referent

≥2 1.963 ( 1.102–3.498） 0.022 1.290( 0.879–3.475 ) 0.062

Lymph-node metastasis

Yes referent referent

No 0.756 ( 0.426–1.340） 0.339 1.094( 0.539–2.220 ) 0.803

PSA decline less than 1.0ng/ml with
initial ADT

Yes referent referent

No 2.394 ( 1.243–4.611） 0.009 2.527 ( 1.320–4.826） 0.005

Time to nadir PSA with initial ADT

≤6months referent referent

>6months 0.102 ( 0.046–0.227） < 0.001 0.105 ( 0.047–0.234 ) < 0.001

Abbreviations: CI = confidence interval; HR = hazard ratio; PSA = prostate specific antigen; ADT = androgen-deprivation therapy; EOD = extent of 
disease

Discussion
The median time to PSA progression and OS were 11.3 
months (95% CI, 10.4 to 13.0) and 47.3 months (95% 
CI, 30.7 to 81.0), respectively for patients with prostate 
cancer with bone metastasis initially treated with MAB 
based on the present study. According to large-scale 
prospective trials, the median time to disease progression 
(TTP) and OS was reported as 16.5 to 22.3 months and 
33.5 to 41.4 months, respectively for patients with 
advanced prostate cancer treated with ADT consisted of 
combination of LH-RH agonist or bilateral orchiectomy 
and an antiandrogen [17, 18]. However, subjects in these 
trials included patients with prostate cancer locally-
advanced but non-metastatic, metastatic but not-bony, 
or metastatic after radical local treatments. The current 
study definitely provides the outcomes of MAB without 
any local treatment as the initial therapy for patients with 
bone metastatic prostate cancer.

Our result on time to PSA progression compares with 
findings on TTP previously reported, because it is 
estimated to take 6 to 12 months from PSA progression 
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Figure 2 Kaplan-Meier analysis of overall survival.
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to the occurrence of radiologically detectable new lesions 
[28, 29]. Our result on OS may be rather superior to 
previous reports [17, 18] and the reason for that may be 
that 49% of the patients received docetaxel after failure to 
ADT in our study whereas few patients were treated with 
docetaxel in the past studies, though docetaxel treatment 
did not have a significant impact on OS in the present 
study. It has been reported that progressive bone disease 
was one of poor prognostic factors for disease control 
in patients with metastatic CRPC treated with docetaxel 
[30]. These findings suggest that the efficacy of docetaxel 
may be limited in terms of controlling bone disease in 
metastatic CRPC patients.

Based on the current study, the baseline Gleason score 
had a significant impact not on OS but on time to PSA 
progression for patients with bone metastatic prostate 
cancer treated with MAB. Association between Gleason 
score and TTP was also reported in a previous study 
[19]. On the other hand, the impact of Gleason score on 
OS is controversial; some reported a positive relationship 
between them [11] and others negative [12, 15, 20, 21].

Table 3 Association of clinical factors with overall survival.

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age at diagnosis

≤70 referent referent

>70 1.681 ( 0.699–4.043） 0.246 1.701 ( 0.704–4.113） 0.225

Primary PSA

≤203ng/ml referent referent

>203ng/ml 1.886 ( 0.823 – 4.321） 0.134 1.935 ( 0.872–4.483） 0.112

Baseline Gleason score

≤8 referent referent

≥9 0.531 ( 0.205–1.375） 0.193 0.556 ( 0.231–1.403） 0.131

Baseline EOD score

1 referent referent

≥2 2.502 ( 1.194–5.244） 0.015 2.290( 0.768–6.825 ) 0.087

Lymph-node metastasis

Yes referent referent

No 0.794 ( 0.399–1.580） 0.518 1.094( 0.539–2.220 ) 0.803

Docetaxel-based chemotherapy 

Yes referent referent

No 1.528 ( 0.752–3.103） 0.242 1.494( 0.771–2.096 ) 0.776

PSA decline less than 1.0ng/ml with

initial ADT

Yes referent referent

No 2.082 ( 0.870–4.984） 0.100 2.217 ( 0.996–4.931） 0.051

Time to nadir PSA with initial ADT

≤6months referent referent

>6months 0.252 ( 0.104–0.615） 0.002 0.255 ( 0.109–0.597） 0.002

Abbreviations: CI = confidence interval; HR = hazard ratio; PSA = prostate specific antigen; ADT = androgen-deprivation therapy; EOD = extent of 
disease
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The primary PSA level did not affect time to PSA 
progression nor OS in the present study. A correlation 
between the primary PSA level and TTP was reported 
in patients with hormone-naïve non-metastatic prostate 
cancer treated with ADT [22]. In patients with bone 
metastatic hormone-sensitive prostate cancer, the 
association between primary PSA level and TTP was also 
disputable. Some reported a positive association between 
them [12, 14] and others negative [13, 15]. However, no 
correlation has been reported between primary PSA level 
and OS [11-16]. Furthermore, in studies including patients 
with locally-advanced and metastatic prostate cancer, the 
primary PSA level did not independently predict TTP nor 
OS [11, 21, 23]. These findings suggest the primary PSA 
level may not affect OS in patients with prostate cancer 
treated with ADT.

Our result suggested PSA decline under 1.0 ng/ml after 
MAB can predict long-term PSA control by MAB. The 
nadir PSA level less than 0.2 ng/ml has been reported as 
an independent predictor for the longer disease control 
period in patients with bone metastatic hormone-
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sensitive prostate cancer treated with MAB [16]. PSA 
decline to 1.0 ng/ml or less was reported to be associated 
with longer OS in prostate cancer patients treated with 
flutamide monotherapy [24]. In a phase III study in which 
patients were treated with LH-RH agonist with or without 
bicalutamide, whose PSA declined under 4 ng/ml within 
12 weeks after initiation of treatment predicted favorable 
OS [25]. These findings suggest the importance of PSA 
response to the treatment in disease control for prostate 
cancer treated with ADT. However, the impact of PSA 
kinetics after treatment on patient outcome is debatable. 
Some studies reported that rapid decrease of PSA level 
was associated with longer progression-free survival [26, 
27], and others suggested the opposite [11, 14, 16, 21]. 
Matzkin et al. reported that patients reaching their nadir 
PSA values up to six months after treatment began had a 
trend toward a shorter PFS compared with those reaching 
their lowest values at nine and 12 months [14]. Sasaki et 
al. reported that longer time to PSA nadir (8 months) 
was an independent good prognostic factor for disease 
progression [16]. Based on the current study, the time to 
nadir PSA longer than six months had the most significant 
impact on longer time to PSA progression and was the 
only independent predictor investigated for longer OS. 
These findings suggest that the time to nadir PSA may 
influence on TTP and OS in patients with prostate cancer 
treated with ADT. The mechanism underlying this clinical 
observation is still unclear. It is speculated that a rapid 
decrease of PSA level from the initiation of ADT reflects 
rapid removal of hormone-sensitive prostate cancer 
cells, which may induce an adequate environment for the 
growth of hormone-resistant prostate cancer cells. Rapid 
decrease of PSA level after ADT may be due to ablation 
of androgen-receptor (AR) function, and the quick 
suppression of AR during ADT may have a negative effect 
on disease progression, because AR can act as a tumor 
suppressor for prostate cancer cells [31, 32]. Androgen 
deprivation in androgen dependent prostate cancer cells 
results in early G1 arrest. It is possible that two types of 
prostate cancer cells may exist; one has the character of 
differentiating to CRPC during cell cycle arrest with rapid 
reduction of PSA induced by ablation of AR function, and 
the other gradually goes to apoptosis after cell cycle arrest 
with slow reduction of PSA. The former would be rich in 
the shorter time to nadir PSA group, and the latter in the 
longer time to nadir PSA group [33].

Baseline EOD score has been reported as a prognostic 
factor for disease progression in patients with bone 
metastatic hormone-sensitive prostate cancer treated 
with ADT [13, 16]. The 2-year survival rates have been 
reported, according to the EOD score from 1 to 4, to be 
94%, 74%, 68%, and 40%, respectively [34]. The EOD 
score did not independently affect time to PSA progression 
or OS in the present study, though there were trends for 
better treatment outcomes in patients with EOD score of 
1. This result may come from the relatively small number 
of patients in the present study.

There are some limitations in the present study including 
its retrospective nature and the relatively small number 
of patients analyzed. Serum testosterone levels had not 
been measured. It has been suggested that the serum 
testosterone level might determine the aggressiveness of 
prostate cancer and the lower serum testosterone level 
at baseline might predict the worse treatment outcomes 
in patients treated with MAB [35, 36]. The variety of 
treatments after PSA progression may influence OS time. 
However, treatments after failure to primary ADT often 
vary according to disease status including the extent of 
objective lesions and the condition of patients’ symptoms. 
Because of that, our findings rather reflect the treatment 
outcomes in the real-world clinic.

Conclusions
We reported the clinical outcomes of patients with 
prostate cancer with bone metastasis initially treated 
with MAB. Baseline Gleason score less than 9, PSA decline 
under 1.0 ng/ml after initiation of treatment, and time to 
PSA nadir longer than six months independently predicted 
longer time to PSA progression. Time to PSA nadir longer 
than six months had significant impact on OS time. Our 
findings suggest time to PSA nadir should be emphasized 
on for clinical outcome analyses in future studies.
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