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Castration-resistant Prostate Cancer
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Abstract. Background/Aim: Despite recent introduction of
several novel agents, limited data exist regarding parameters
that help predict the progression of non-metastatic
castration-resistant prostate cancer (nmCRPC). The
objective of this study was to identify prognostic predictors
in nmCRPC patients. Patients and Methods: This study
included 127 consecutive Japanese nmCRPC patients treated
in routine clinical practice. Prognostic outcomes in these
patients were analyzed to evaluate the impact of several
parameters on prostate-specific antigen progression-free
survival (PSA PFS) and metastasis-free survival (MFS).
Results: When the 127 patients were diagnosed with
nmCRPC, the PSA and PSA doubling time (PSADT) were
13.5 ng/ml and 17.9 months, respectively. Of these, 77
(60.6%) and 50 (39.4%) were treated with first-generation
anti-androgen (FGA) and novel androgen-receptor-axis-
targeted agent (ARATA), respectively, as first-line therapy for
nmCRPC. The median PSA PFS and MFS after the diagnosis
of nmCRPC in these patients were 29.5 months and not
reached, respectively. Multivariate analyses identified the
following independent prognostic factors: PSA at nmCRPC,
PSADT and first-line therapy for nmCRPC for PSA PFS, and
PSA at nmCRPC and PSADT for MFS. Conclusion:
nmCRPC patients with higher PSA and/or shorter PSADT
should be treated with ARATA rather than FGA.

Since the discovery of the androgen-dependent nature of
prostate cancer (PC) by Huggins and Hodges in the 1940s,
androgen deprivation therapy (ADT) has been the mainstay
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of treatment for advanced PC patients (1). ADT is also an
important part of treatment for patients with progressive
disease following definitive local therapies with a curative
intent, including surgery and radiation therapy (2). Despite
being initially effective in the majority of PC patients, ADT
is not curative, and castration-resistant prostate cancer
(CRPC) eventually develops in almost all PC patients
receiving ADT (1). If the disease progresses to metastatic
CRPC (mCRPC), the prognosis of patients in this stage has
been reported to be extremely poor, with a median survival
of approximately 3 years (3). Furthermore, metastatic disease
spread is associated with several severe symptoms, such as
pain and pathological fractures, which may have an
unfavorable prognostic impact (4). These findings suggest
that it is an important issue to delay the time to metastases
in PC patients, particularly those with CRPC, in order to
maintain favorable conditions without metastases-related
complications and prolong survival.

If imaging studies, typically computed tomography (CT)
and radionuclide bone scans, show negative findings for
metastatic diseases in CRPC patients, this disease state is
recognized as non-mCRPC (nmCRPC) (4). Accumulated data
suggest a marked heterogeneity in nmCRPC; that is, some
patients have highly aggressive diseases that rapidly
metastasize and show lethal progression, while others
experience a comparatively indolent clinical course (3, 4).
Although measurements of prostate-specific antigen (PSA),
including an elevated absolute PSA value, as well as a short
PSA doubling time (PSADT), have been shown to be
correlated with adverse clinical outcomes in patients with
nmCRPC (3-6), limited information is available with respect
to parameters that help stratify the prognosis of these patients.

Different from Western countries, the public health care
system permitted the introduction of novel androgen receptor-
axis-targeted agents (ARATAs), abiraterone acetate (AA) and
enzalutamide (Enz), for not only mCRPC patients, but also
nmCRPC patients, and vintage hormonal therapy, such as
alternative antiandrogen therapy with first-generation
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antiandrogens (FGAs), bicalutamide and flutamide, is still
commonly conducted after the failure of primary ADT in Japan
(7, 8). Moreover, two agents, apalutamide and enzalutamide,
were demonstrated to significantly improve metastasis-free
survival (MFS) of high-risk nmCRPC patients in placebo-
controlled phase III trials (9, 10), and have become available
in Japan as well, resulting in marked changes in the treatment
of nmCRPC patients. Considering the current therapeutic
strategy against nmCRPC, we assessed prognostic outcomes of
nmCRPC patients treated in routine clinical practice in Japan
in order to identify prognostic parameters that help determine
the optimal treatment option for patients with nmCRPC.

Patients and Methods

Patients. The Research Ethics Committee of our institution approved
the design of this study, and it was judged to be unnecessary to obtain
informed consent for involvement in this study from all patients due
to its retrospective design. This study included a total of 127
consecutive Japanese patients who were diagnosed with nmCRPC
between April 2013 and December 2018, and then received either
FGA or ARATA as a first-line agent after the failure of primary ADT
in a routine clinical setting. In this study, the selection of agents
during sequential therapy was basically conducted based on the
preference of each physician without strict criteria, and PSA
progression against either line of therapy was defined according to
the Prostate Cancer Working Group 2 (PCWG?2) criteria (11).

Treatment. All patients included in this study had been diagnosed
with adenocarcinoma of the prostate by histopathological
examinations. ADT either by castration alone or combined androgen
blockade (CAB) comprising of castration plus bicalutamide was
initially performed for all these patients. Following the failure of
primary ADT, imaging studies, including at least chest and
abdominal CTs and radionuclide bone scans, were conducted to
confirm the absence of metastasis. As first-line therapy for CRPC,
either FGA or ARATA was subsequently administered. In the FGA
group, bicaltamide was introduced in patients undergoing castration
therapy alone, while flutamide was used as an alternative
antiandrogen therapy in those receiving CAB (12). In the ARATA
group, treatment with either AA or Enz was performed based on the
standard dosing schedule as previously described (13, 14), and it
was permitted to modify the dose of either agent according to the
severity of adverse events (AEs) in each patient. Until the
occurrence of disease progression or uncontrollable AEs, first-line
treatment for CRPC was continued.

Evaluation. Clinicopathological data analyzed in this study were
retrospectively obtained from the medical records of each patient.
After initiating treatment for CRPC, the serum PSA level in addition
to renal, liver and bone marrow functions were assessed every 6-12
weeks, and imaging studies by chest and abdominal CTs and
radionuclide bone scans were conducted at least every 6 months in
all patients. In this series, the PSA progression-free survival (PFS)
and MFS were defined as the time from the initiation of first-line
therapy for CRPC to PSA progression or death and that to the
detection of metastatic disease spread by radiological examinations,
respectively.
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Table 1. Characteristics of 127 patients with nmCRPC.

Clinical stage at diagnosis (%)

T2 44 (34.0)
T3 65 (51.1)
T4 18 (14.9)

Median PSA at diagnosis (ng/ml, range) 19.4 (4.4-170.7)

Gleason score at diagnosis (%)

<7 23 (19.1)

>8 104 (80.9)
Definitive local therapy (%)

Prostatectomy 22 (19.1)

Radiotherapy 16 (12.8)
Type of primary ADT (%)

Castration alone 33 (25.5)
Combined androgen blockade 94 (74.5)
Median duration of primary ADT (months, range) 15.3 (2-185)
Median age at diagnosis of nmCRPC (years, range) 71.4 (52-88)

ECOG performance status at
diagnosis of nmCRPC (%)
Oorl 117 (93.6)
>2 10 (6.4)
Symptom at diagnosis of nmCRPC (%)
Negative 116 (93.6)
Positive 11 (6.4)

Median PSA at diagnosis of nmCRPC
(ng/ml, range)

Mean PSADT at diagnosis of nmCRPC
(months, range)

First-line therapy for nmCRPC (%)
First-generation antiandrogen
Androgen-receptor-axis-targeted agent

13.5 (1.4-122.7)
17.9 (4.7-62.2)

50 (39.4)
77 (60.6)

ADT: Androgen deprivation therapy; ECOG: Eastern Cooperative
Oncology Group; nmCRPC: non-metastatic castration-resistant prostate
cancer; PSA: prostate-specific antigen; PSADT: PSA doubling time.

Statistical analysis. Statview 5.0 software (Abacus Concepts, Inc.,
Berkley, CA, USA) was used in all statistical analyses, and p<0.05 was
considered significant. PSA PFS and MFS rates were calculated using
the Kaplan—-Meier method, and differences were evaluated by the log-
rank test. The prognostic significance of certain parameters was
evaluated employing the Cox proportional hazards regression model.

Results

Patient characteristics. Characteristics of the 127 nmCRPC
patients included in this study are summarized in Table I. Of
these 127, 50 (39.4%) and 77 (60.6%) received FGA and
novel ARATA, respectively, as first-line systemic therapy for
nmCRPC. There were no significant differences in the major
clinicopathological parameters between patients treated with
FGA and those with ARATA (data not shown).

Therapeutic profile. In this study, 68 of the 127 patients (53.5%)
discontinued first-line therapy due to either disease progression
or intolerable AEs. Of these, 59 (86.8%) subsequently received
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Figure 1. (a): Prostate-specific antigen progression-free survival (PSA PFS) of 127 non-metastatic castration-resistant prostate cancer (nmCRPC)

patients. (b): Metastasis-free survival (MFS) of 127 nmCRPC patients.

Table II. Uni- and multivariate analyses of associations between various parameters with PSA progression- and metastasis-free survival

PSA progression-free survival

Metastasis-free survival

Univariate analysis

Multivariate analysis Univariate analysis Multivariate analysis

Variables Hazard p-Value Hazard p-Value Hazard p-Value Hazard  p-Value
ratio ratio ratio ratio

Clinical stage at diagnosis (T2 versus T3 or T4) 0.73 0.62 - - 0.66 043 - -
PSA at diagnosis (ng/mL) (<20 versus =20) 0.59 0.21 - - 0.74 0.62 - -
Gleason score at diagnosis (<7 versus =8) 0.32 0.039 0.53 0.2 041 0.11 - -
Definitive local therapy (yes versus no) 0.93 0.77 - - 0.97 0.78 - -
Primary ADT (castration alone versus CAB) 1.09 0.62 - - 1.04 0.68 - -
Duration of primary ADT (months) (<15 versus =15) 1.42 0.13 - - 1.37 0.23 - -
Age at diagnosis of CRPC (years) (<70 versus =70) 0.32 0.042 0.72 043 0.57 0.2 - -
ECOG PS at diagnosis of CRPC (<1 versus =2) 0.58 0.18 - - 0.59 0.28 - -
Symptom at diagnosis of CRPC (yes versus no) 0.53 0.25 - - 0.57 0.26 - -
PSA at diagnosis of CRPC (ng/mL) (<10 versus =10) 0.29 0.012 0.33 0.04 0.31 0.033 0.35 0.04
PSADT at diagnosis of CRPC (months) (<10 versus =10) 0.27 0.0082  0.29 0.023 0.28 0.0097 0.31 0.028
First-line therapy for CRPC (FGA versus ARAT) 0.3 0.029 0.34 0.045 0.34 0.042 0.47 0.13

ADT: Androgen deprivation therapy; ARAT: androgen-receptor-axis-targeted agent; CRPC: castration-resistant prostate cancer; ECOG PS: Eastern
Cooperative Oncology Group performance status; FGA: first-generation antiandrogen; PSA: prostate-specific antigen; PSADT: PSA doubling time.

approved agents against CRPC as second-line systemic therapy,
including AA, Enz and docetaxel for 19 (32.2%), 17 (28.8%)
and 23 (39.0%) patients, respectively.

Prognostic outcomes. During the observation period of this
study, 50 (39.4%) and 25 (19.7%) patients were judged to
have developed PSA progression and metastatic diseases,
respectively, and the median PSA PFS and MFS after the
diagnosis with nmCRPC in the 127 patients were 29.5
months and not reached, respectively. In these 127 patients,
1-, 2- and 3-year PSA PFS rates were 77.0, 57.8 and 43.1%,

respectively (Figure 1A), while 1-, 2- and 3-year MFS rates
were 97.4, 82.8 and 64.4%, respectively (Figure 1B).

Prognostic predictors. As shown in Table II, uni- and
multivariate analyses of several parameters were performed
to identify prognostic predictors associated with PSA PFS
and MFS, respectively. Univariate analyses detected
significant prognostic predictors as follows: Gleason score,
age at nmCRPC, PSA at nmCRPC, PSADT and first-line
therapy for nmCRPC for PSA PFS, and PSA at nmCRPC,
PSADT and first-line therapy for nmCRPC for MFS.
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Moreover, by the multivariate analyses of these significant
factors, the following parameters had independent prognostic
impacts: PSA at nomCRPC, PSADT and first-line therapy for
nmCRPC for PSA PFS, and PSA at nmCRPC and PSADT
for MFS.

Discussion

To date, nmCRPC has been shown to have a highly
heterogeneous potential with respect to the risk of developing
metastatic disease spread. In previous RCTs enrolling
nmCRPC patients into placebo groups, the median bone MFS
(BMFS) in these patients was approximately 2 years, while
several studies reported a markedly shorter BMFS in
nmCRPC patients positive for unfavorable characteristics,
such as a high base-line PSA and short PSADT (3, 4, 15).
Although two agents, apalutamide and Enz, were recently
demonstrated to significantly prolong PFS as well as MFS in
nmCRPC patients with PSADT <10 months compared with
a placebo in pivotal RCTs (9, 10), the optimal therapeutic
strategy for nmCRPC patients remains to be elucidated. This
situation is particularly true for Japanese nmCRPC patients,
since vintage hormonal therapies using FGAs are still
commonly conducted even after the approval of novel
ARATAS in routine clinical practice, and the public health
care system covers the treatment of CRPC patients with
ARATAs irrespective of the metastatic status in Japan (7, 8).
Considering these findings, it is very important to precisely
analyze prognostic outcomes based on data from nmCRPC
patients who received a wide variety of treatments;
accordingly, in this study, we retrospectively analyzed the
data from a total of 127 consecutive Japanese nmCRPC
patients treated with either FGA or ARATA as first-line
systemic therapy for CRPC after the failure of primary ADT
in order to identify parameters that could be useful for the
selection of therapeutic options for nmCRPC patients.

The 127 patients included in the study could be regarded
as having a heterogeneous therapeutic history after the failure
of primary ADT. Two options, treatment with either FGAs or
ARATAsS, are fundamentally different therapeutic approaches
(16); however, no significant differences in the major
clinicopathological characteristics were noted between the
FGA and ARATA groups. In this cohort, thus, the introduction
of ARATA for low-risk nmCRPC patients and FGA for high-
risk patients could be frequent. In addition, approximately
80% of the included patients received subsequent treatments
with approved agents against CRPC after the discontinuation
of first-line therapy, irrespective of the type of first-line agent.
Collectively, these findings suggest that the present cohort
consisting of the 127 nmCRPC patients may be suitable to
comprehensively assess the efficacy of heterogeneous
treatment for nmCRPC patients and to identify prognostic
predictors in these patients.
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Despite the short observation period, the median PSA PFS
and MFS following diagnosis with nmCRPC in these 127
patients were 29.5 months and not reached, respectively.
However, several clinical trials targeting high-risk nmCRPC
patients treated with novel ARATSs reported similar or even
superior prognostic outcomes to those in this study (9, 10).
For example, the median time to PSA progression and that
to metastasis in high-risk nmCRPC patients receiving
apalutamide in the SPARTAN trial were not reached and
40.5 months, respectively (9). Similarly, the median time to
PSA progression and that to metastasis were 37.2 and 36.6
months respectively in high-risk nmCRPC patients treated
with enzalutamide in the POSPER trial (10). Considering
these findings, the introduction of novel ARATAs for
nmCRPC patients may result in effective disease control
compared with that of vintage hormonal agents. In fact, our
previous study also showed more favorable PSA PFS as well
as MFS in nmCRPC patients receiving ARATAs than those
receiving FGA after the failure of primary ADT (8).

It is of interest to evaluate the significance of parameters
as predictive factors of disease progression in nmCRPC
patients. In this series, multivariate analyses of several
clinicopathological factors identified the following
independent predictive factors: PSA at nmCRPC, PSADT
and first-line therapy for nmCRPC for PSA PFS, and PSA at
nmCRPC and PSADT for MFS. To date, limited information
remains available regarding the prognostic prediction in
patients with nmCRPC. For example, Ryan et al. conducted
the IMAAGEN study evaluating the efficacy of abiraterone
for high-risk nmCRPC patients, and reported that baseline
testosterone >=12.5 ng/dl and PSA reduction =90% at cycle 3
were significantly correlated with a longer time to PSA
progression and radiographic evidence of disease progression
(17), while Morelia et al. retrospectively identified a Gleason
score 8-10, receiving primary localized therapy, higher PSA
levels at CRPC and PSADT =<6 months as independent
predictors of a shorter time to metastasis on multivariate
analysis in a total of 458 nmCRPC patients (6). Due to
heterogeneous backgrounds, particularly patients’ risk and
provided treatments, among these studies, it would be
difficult to directly compare these outcomes. However, at
least based on the findings of the present study, it is strongly
suggested that high-risk nmCRPC patients characterized by
a higher PSA value at CRPC, as well as shorter PSADT
should be intensively treated with ARATA rather than
vintage hormonal therapy.

Herein, several limitations of this study should be
described. Firstly, this was a retrospective study consisting of
a relatively small number of patients, and the observation
period was also insufficient. Therefore, it might be difficult to
draw definitive conclusions based on the outcomes of this
study. Secondly, as mentioned above, significant heterogeneity
was noted among patients included in this study. In particular,
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following the diagnosis of PC, a wide variety of treatments
were performed without strict selection criteria. Thirdly,
despite being repeated every 16 weeks in the two recently
completed RCTs (9, 10), radiological examinations were not
performed under an intensive schedule, which makes it
difficult to extract a definitive finding regarding MFS.
Therefore, it is important to interpret the findings presented in
this study considering these limitations, and confirm the
reliability of these findings by conducting a prospective study
with a larger sample size.

Conclusion

This study retrospectively assessed the prognostic outcomes
in a total of 127 nmCRPC Japanese patients, and reported
that the median PSA PFS and MFS after the diagnosis with
nmCRPC in these patients were 29.5 months and not
reached, respectively. Furthermore, several parameters,
including PSA at nmCRPC, PSADT and first-line therapy for
nmCRPC, were shown to be independently associated with
the disease progression in these patients. Collectively, these
findings suggest that considering these potential risk factors,
intensive treatment with ARATSs should be given to selected
patients with nmCRPC.
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