
Abstract. Background/Aim: It is important to delay the
emergence of castration-resistant phenotype to improve the
prognosis in patients with metastatic castration-sensitive
prostate cancer (mCSPC). The objective of this study was to
investigate the prognostic impact of time to castration
resistance (TTCR) in mCSPC patients. Patients and Methods:
This study included 437 consecutive mCSPC patients whose
primary androgen deprivation therapy was judged to have
failed. Prognostic outcomes in these patients were investigated
by dividing them into the following 4 groups of 82, 104, 133
and 118 patients with TTCR 0-6, 6.1-12, 12.1-18 and ≥18.1
months, respectively. Results: The mean value of TTCR in the
437 patients was 18.7 months. Of several baseline parameters,
significant differences among the 4 groups were noted in the
performance status, prostate-specific antigen (PSA) level,
lactate dehydrogenase (LDH) level, alkaline phosphatase
(ALP) level and Gleason score, all of which favored longer
TTCR groups. Furthermore, despite the lack of a significant
difference in time from the development of castration-resistant
disease to death among the 4 groups, there was a significant
difference in overall survival (OS) from diagnosis among these
groups, showing prolonged OS proportional to TTCR.
Univariate analysis identified the age, PSA level, LDH level,
ALP level, Gleason score, visceral metastasis and TTCR as
significant predictors of OS, of which only age, ALP level and
TTCR were shown to be independently associated with OS on
multivariate analysis. Conclusion: mCSPC patients with a
longer TTCR are likely to achieve a more favorable OS.

Prostate cancer (PC) represents the most commonly
diagnosed malignancy and is the second leading cause of

cancer-related mortality in men in Western industrialized
countries (1). The prognostic outcomes in patients with
advanced PC have been improved due to recent advances
characterized by the introduction of several novel agents for
patients with castration-resistant PC (CRPC), including
abiraterone acetate, enzalutamide, and cabazitaxel (2-4).
Among patients with advanced PC, however, there remains
a proportion with poor prognostic outcomes, such as those
newly diagnosed with de novo metastatic diseases (5, 6).
Accordingly, it is necessary to conduct a detailed survey
focusing on such a patient cohort in order to further improve
the survival of patients with advanced PC.

Recently, combined treatment with primary androgen
deprivation therapy (ADT) and a novel additional agent was
demonstrated to significantly improve the prognosis of patients
with newly diagnosed metastatic castration-sensitive PC
(mCSPC), particularly those with a high-risk disease (7-10). For
example, Sweeney et al. conducted the CHAARTED trial
comparing the efficacy of ADT alone and ADT plus docetaxel
in patients with mCSPC, and showed the significantly longer
overall survival (OS) of the combination arm compared to ADT
alone (7), while Fizazi et al. reported that the addition of
abiraterone acetate and prednisone to ADT significantly
improved OS in patients with high-risk mCSPC compared to
ADT plus placebo in the LATITUDE trial (9). These outcomes
suggest that it is important to delay the emergence of CRPC by
providing a powerful treatment for newly-diagnosed mCSPC
patients to achieve favorable prognostic outcomes; however,
limited information remains available with respect to the impact
of time to castration resistance (TTCR) in patients with mCSPC.

Considering these findings, we retrospectively obtained
data from a total of 437 patients with mCSPC who were
treated with primary ADT, then diagnosed with the
development of CRPC, and investigated the prognostic
outcomes according to TTCR in these patients.

Patients and Methods
Patients. This was conducted as a retrospective study by reviewing
clinicopathological data from consecutive Japanese patients newly
diagnosed with mCSPC who received primary ADT between
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January 2010 and December 2017, and were subsequently
diagnosed with the development of CRPC in a routine clinical
setting at our institution. After excluding patients without full data
scheduled to be analyzed and those who died prior to diagnosis with
CRPC, a total of 437 mCSPC patients were included in this study.
The Research Ethics Committee of Hamamatsu University School
of Medicine approved the design of this study, and the need to
obtain informed consent for involvement in it from all of the
included patients was waived because of its retrospective design.

Treatment. All the patients included in this study were judged to
have prostatic adenocarcinoma by histopathological examination,
and were initially treated with primary ADT, either by castration
therapy or combined androgen blockade consisting of castration
plus bicalutamide. According to either the Prostate Cancer
Working Group 2 (PCWG2) criteria (11) or the Response
Evaluation Criteria in Solid Tumors (12), disease progression
against primary ADT, indicating the emergence of CRPC, was

defined as prostate-specific antigen (PSA) or radiographic
progression, respectively, in patients maintaining a serum
testosterone level <50 ng/dl. After the failure of primary ADT, a
wide variety of patterns of sequential therapy using several agents,
such as flutamide, abiraterone acetate, enzalutamide, docetaxel and
cabazitaxel, were subsequently provided according to the
preference of the physicians as well as patients, without strictly
regulated criteria. In this series, TTCR was defined as the duration
from the introduction to failure of primary ADT, and the patients
were classified into 4 subgroups according to TTCR as follows:
0-6, 6.1-12, 12.1-18, and ≥18.1 months.

Evaluation. The clinicopathological data were obtained from the
medical records of each patient. Before starting primary ADT, the
Eastern Cooperative Oncology Group (ECOG) performance status
(PS) was evaluated, and the status of metastatic spread was examined
using computed tomography and radionuclide bone scans. All
laboratory data, including hemoglobin (Hb), albumin (Alb), lactate
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Table I. Baseline characteristics of metastatic castration-sensitive prostate cancer patients according to time to castration resistance

                                                                                                                             Time to castration resistance (months)

                                                                 0-6                                       6.1-12                                 12.1-18                             ≥18.1                              
Variables (%)                                        (n=82)                                   (n=104)                               (n=133)                           (n=118)                      p-Value

Age (years)                                                                                                                                                                                                            0.71
  ≤70                                                   44 (53.7)                               53 (51.0)                             65 (48.9)                        52 (44.1)
  >70                                                   38 (46.3)                               51 (49.0)                             68 (51.1)                        66 (55.9)
Performance status                                                                                                                                                                                                    <0.001
  0 or 1                                                57 (69.5)                               80 (76.9)                           119 (82.7)                      104 (88.1)
  ≥2                                                    25 (30.5)                               24 (23.1)                             14 (17.3)                        14 (11.9)
PSA (ng/ml)                                                                                                                                                                                                                 0.04
  ≤100                                                 33 (40.2)                                47(45.2)                             72 (54.1)                        69 (58.5)
  >100                                                 49 (59.8)                                57(54.8)                             61 (45.9)                        49 (41.5)
Hb (g/dl)                                                                                                                                                                                                                      0.83
  ≤12                                                   44 (53.7)                                54(51.9)                             66 (49.6)                        56 (47.5)
  >12                                                   38 (46.3)                                50(48.1)                             67 (50.4)                        62 (52.5)
Alb (mg/dl)                                                                                                                                                                                                                  0.94
  ≤3.5                                                  43 (52.4)                               52 (50.0)                             65 (48.9)                        57 (48.3)
  >3.5                                                 39 (47.6)                               52 (50.0)                             68 (51.1)                        61 (51.7)
LDH (IU/l)                                                                                                                                                                                                                   0.026
  ≤300                                                 33 (40.2)                               44 (42.3)                             70 (52.6)                        69 (58.5)
  >300                                                49 (59.8)                               60 (57.7)                             63 (47.4)                        49 (41.5)
ALP (IU/l)                                                                                                                                                                                                                   0.0061
  ≤400                                                 30 (36.6)                               42 (40.4)                             68 (51.1)                        69 (58.5)
  >400                                                 52 (63.4)                               62 (59.6)                             65 (48.9)                        49 (41.5)
Gleason score                                                                                                                                                                                                              0.0011
  ≤8                                                       7 (8.5)                                  21 (20.2)                             38 (28.6)                        36 (30.5)
  9 or 10                                             75 (91.5)                               83 (79.8)                             95 (71.4)                        82 (69.5)
Bone metastasis                                                                                                                                                                                                           0.13
  No                                                      2 (2.4)                                    2 (2.4)                                 0 (0)                               0 (0)                               
  Yes                                                   80 (97.6)                             102 (98.1)                           133 (100)                       118 (100)
Lymph node metastasis                                                                                                                                                           0.72
  No                                                    41 (50.0)                               54 (51.9)                             70 (52.6)                        68 (57.6)
  Yes                                                   41 (50.0)                               50 (48.1)                             63 (47.4)                        50 (42.4)
Visceral metastasis                                                                                                                                                                                                      0.0075
  No                                                    76 (92.7)                               99 (95.2)                           131 (98.5)                      116 (98.3)
  Yes                                                      6 (7.3)                                    5 (4.8)                                 2 (1.5)                            2 (1.7)                            

PSA, Prostate-specific antigen; Hb, hemoglobin; Alb, albumin; LDH, lactate dehydrogenase; ALP, alkaline phosphatase.



dehydrogenase (LDH) and PSA levels, were also measured in each
patient by standard clinical testing methods prior to the introduction
of ADT. During the treatment throughout this study, the PSA level
was measured every 4-12 weeks, while radiological examinations
were repeated based on the discretion of the treating physicians. The
median follow-up of the study cohort was 46.5 months.

Statistical analysis. Statview 5.0 software (Abacus Concepts, Inc.,
Berkley, CA, USA) was employed in all statistical analyses and
p<0.05 was considered significant. Differences of several
parameters among the 4 groups were analyzed by the Chi-squared
test. OS rates were calculated using the Kaplan–Meier method, and
differences were evaluated by the log-rank test. The prognostic
significance of clinicopathological factors was assessed using the
Cox proportional hazards regression model.

Results

TTCR and baseline parameters. The mean value of TTCR in
the 437 patients included in this study was 18.7 months. Of
the 437, 82 (18.8%), 104 (23.8%), 133 (30.4%), and 118
(27.0%) had TTCR from 0 to 6, 6.1 to 12, 12.1 to 18, and
≥18.1 months, respectively. Table I presents the major baseline
clinicopathological parameters at diagnosis according to
TTCR. There were significant differences in the PS, LDH
level, ALP level, PSA level and Gleason score among the 4
groups, all of which favored longer TTCR groups.

Prognosis according to TTCR. After the diagnosis of CRPC,
225 patients died, consisting of 59 (72.0%), 62 (59.6%), 61
(43.6%) and 51 (39.0%) with TTCR from 0-6, 6.1-12, 12.1-
18, and ≥18.1 months, respectively. The OS from diagnosis
was 40.8, 57.1, 62.2 and 70.1 months in patients with TTCR
0-6, 6.1-12, 12.1-18, and ≥18.1 months, respectively. As
shown in Figure 1, there was a significant difference in OS
from diagnosis among the 4 groups. 

The median time from the development of CRPC to
death was 35.2, 47.8, 46.3 and 42.3 months in patients
with TTCR 0-6, 6.1-12, 12.1-18, and ≥18.1 months,
respectively. No significant difference in OS from the
development of CRPC was noted among the 4 groups
(Figure 2).

Prognostic impact of TTCR. In order to further clarify the
prognostic significance of TTCR, the association between OS
from diagnosis and several clinicopathological parameters was
assessed by univariate and multivariate analyses. As shown in
Table II, the age, PSA level, LDH level, ALP level, Gleason
score, visceral metastasis and TTCR were identified as
significant predictors of OS on univariate analysis. Of these
significant factors, only the age, ALP level and TTCR were
shown to be independently associated with OS on multivariate
analysis.
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Figure 1. Overall survival from diagnosis in patients with metastatic
castration-sensitive prostate cancer who received primary androgen
deprivation therapy and subsequently developed castration-resistant
prostate cancer according to the time to castration resistance (TTCR).

Figure 2. Overall survival from the development of castration-resistant
prostate cancer (CRPC) in patients with metastatic castration-sensitive
prostate cancer who received primary androgen deprivation therapy
according to the time to castration resistance (TTCR). 



Discussion

In recent years, marked changes in the therapeutic strategy for
patients with advanced PC have taken place due to the
introduction of several novel agents into real-world clinical
practice, resulting in the significant improvement of survival
in these patients (2-4), whereas PC accounts for approximately
10% of overall estimated cancer deaths and remains the
second most common cause of cancer-related mortality in
Western industrialized countries (1). To date, there have been
a number of studies characterizing prognostic features in
advanced PC patients, which identified the presence of
metastases at diagnosis as one of the most critical factors
associated with PC-specific death (5, 6, 13-17). More recently,
however, the addition of treatment with either docetaxel or
abiraterone acetate to primary ADT has been shown to
significantly prolong OS of patients with mCSPC (7-10).
Collectively, these findings suggest that it might be important
to increase TTCR from the initiation of primary ADT in order
to improve the prognosis of PC patients, particularly those
with unfavorable characteristics, like de novo metastases;
therefore, in this study, we retrospectively analyzed the data
from a total of 437 mCSPC patients who received primary
ADT and subsequently developed mCRPC focusing on the
impact of TTCR on their prognostic outcomes. 

In this series, the mean TTCR of the study cohort was
18.7 months, which is similar to those in recent studies (5,
13-15). For example, Zacho et al. reported that the median
time of TTCR in 149 CRPC patients treated with ADT was
20 months (13). We then compared the clinicopathological
characteristics of the 437 mCSPC patients by dividing them
into 4 groups according to TTCR, and found that patients

with a shorter TTCR were likely to have factors associated
with unfavorable oncological outcomes, including a poor PS,
high PSA level, high LDH level, high ALP level and high
Gleason score. Based on this outcome, PC showing rapid
progression following the introduction of primary ADT may
be regarded as having an aggressive phenotype.

It is of interest to assess the clinical course of mCSPC patients
according to TTCR. In this series, OS from diagnosis in mCSPC
patients was shown to have a significant correlation with TTCR.
To our knowledge, this is the first report showing prolonged OS
from diagnosis in mCSPC patients proportional to TTCR.
However, time from CRPC to death in mCSPC patients was not
affected by TTCR, suggesting that once CRPC has developed, a
similar clinical course may be expected in PC patients,
irrespective of prior clinical profiles, including TTCR. In fact,
Frees et al. retrospectively analyzed OS in PC patients according
to the time to metastasis, and showed that despite the significant
effect of time to metastasis on OS, there was no difference in
time from CRPC to death among groups stratified based on time
to metastasis (5). Considering these findings, it is extremely
important to prolong TTCR as long as possible in order to
achieve favorable prognostic outcomes in mCSPC patients.

Another point of interest is the prognostic impact of
TTCR on OS of mCSPC patients. To date, there have been
various factors identified as predictors of OS in newly
diagnosed PC, such as the PSA level, nadir PSA level after
ADT, metastatic status, Gleason score and ALP level (5, 6,
13-15). In this series, TTCR in addition to the age and ALP
level were shown to be independently associated with OS on
multivariate analysis. Similarly, TTCR was suggested to
have an independent effect on OS of PC patients in a
previous study reported by Frees et al. (5). These findings
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Table II. Uni- and multivariate analyses of impacts of various parameters on overall survival from diagnosis in patients with metastatic castration-
sensitive prostate cancer.

                                                                                                                                  Univariate analysis                                    Multivariate analysis

Variables                                                                                                   HR (95% CI)                     p-Value                  HR (95% CI)                p-Value

Age (years) (≤70 versus >70)                                                                 0.28 (0.21-0.47)                   0.037                  0.33 (0.25-0.57)                0.039
Performance status (0 or 1 versus ≥2)                                                   0.59 (0.45-1.07)                   0.11                                –                            –
PSA (ng/mL) (≤100 versus >100)                                                          0.38 (0.29-0.56)                   0.044                  0.47 (0.40-1.37)                0.27
Hb (g/dL) (≤12 versus >12)                                                                    1.24 (0.83-1.68)                   0.36                                –                            –
Alb (mg/dL) (≤3.5 versus >3.5)                                                             1.20 (0.91-1.58)                   0.37                                –                            –
LDH (IU/L) (≤300 versus >300)                                                            0.32 (0.18-0.46)                   0.039                  0.43 (0.39-1.18)                0.18
ALP (IU/L) (≤400 versus >400)                                                             0.29 (0.19-0.51)                   0.035                  0.35 (0.21-0.55)                0.036
Gleason score (≤8 versus ≥9 or 10)                                                       0.39 (0.22-0.58)                   0.041                  0.52 (0.38-1.89)                0.43
Bone metastasis (no versus yes)                                                             1.17 (0.73-2.55)                   0.43                                –                            –
Lymph node metastasis (no versus yes)                                                 0.89 (0.68-1.70)                   0.39                                –                            –
Visceral metastasis (no versus yes)                                                        0.36 (0.29-0.60)                   0.032                  0.55(0.27-1.79)                0.4
Time to castration resistance (months) (≤12 versus >12)                     3.46 (1.72-5.58)                   0.023                  3.23 (1.89-4.68)                0.027

HR, Hazard ratio; CI, confidence interval; PSA, prostate-specific antigen; Hb, hemoglobin; Alb, albumin; LDH, lactate dehydrogenase; ALP, alkaline
phosphatase.



also support the significance of prolonged TTCT in the
improvement of OS from diagnosis in mCSPC patients
which could be dominantly affected by TTCT rather than
time from CRPC to death. Accordingly, a favorable OS
might be expected by the simultaneous introduction of
primary ADT plus either docetaxel or abiraterone acetate,
which were demonstrated to markedly prolong TTCR in
newly diagnosed PC patients, particularly in those with
unfavorable characteristics (8, 9).

We would like to describe several limitations of this study.
Firstly, although a comparatively large number of patients
were included, this was a retrospective study performed
without strict criteria; that is, existence of varied options in
terms of the type of primary ADT, selection of agents after the
failure of ADT, dosing schedule of each agent and follow-up
schedule. Secondly, due to the long duration of this study,
patients with heterogeneous therapeutic backgrounds were
simultaneously included. In particular, introduction of novel
agents targeted against CRPC patients, such as abiraterone
acetate, enzalutamide and cabazitaxel, during the study period
may have affected the outcomes (2-4). Considering the
significant improvement of OS by these novel agents, the
impact of TTCR on OS from diagnosis may be relatively
weakened in patients being treated with these agents. Thirdly,
when interpreting the outcomes of the present study, it should
be taken into consideration that marked changes in primary
ADT will definitely occur with the combined use of either
abiraterone acetate or docetaxel (7-10).

Conclusion

mCSPC patients with a shorter TTCR were significantly
more likely to exhibit unfavorable clinicopathological
characteristics, and OS from diagnosis. However, time from
CRPC to death, was not significantly affected by TTCR in
the study cohort. Moreover, TTCR was identified as one of
the independent predictors of OS from diagnosis on
multivariate analysis of several parameters. Collectively,
these findings strongly suggest that prolonging TTCR in
mCSPC patients could be the key factor in order to achieve
longer OS.
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