
Abstract. Background/Aim: Although upfront combination
therapies with androgen deprivation are recommended for
patients with castration-sensitive prostate cancer (CSPC),
combination therapies may be excessive for some patients.
The aim of this study was to identify patients with favorable
outcome under androgen deprivation therapy (ADT) alone.
Patients and Methods: This study consisted of 242 patients
with CSPC who received ADT alone. The association
between 3-month prostate-specific antigen (PSA) value after
ADT and survival was analyzed. Results: The median overall
survival for men with high-volume and/or high-risk cancer
and those with low-volume low-risk cancer were 48.0 months
and 103.0 months, respectively (p≤0.0001). Notably, in
patients with low-volume low-risk cancer, the median overall
survival for patients who achieved PSA ≤2 ng/ml at 3 months
after ADT initiation was quite long at 112.0 months.
Conclusion: Conventional ADT may be sufficient and upfront
combination therapy may be excessive for those patients with
favorable outcome. 

Androgen deprivation therapy (ADT) has been a standard
treatment for patients with metastatic prostate cancer for more
than seven decades. However, recent developments in novel
therapies have provided a dramatic change in treatment
strategy for those with metastatic castration-sensitive prostate

cancer (mCSPC). Large-scale phase III clinical trials,
Chemohormonal Therapy versus Androgen Ablation
Randomized Trial for Extensive Disease in Prostate Cancer
(CHAATED) (1) and A study of abiraterone acetate plus low-
dose prednisone plus ADT versus ADT alone in newly
diagnosed participants with high-risk, metastatic hormone-
naïve prostate cancer (LATITUDE) (2), have demonstrated a
significant survival benefit associated with upfront docetaxel
and abiraterone acetate (Abi) use for patients with high-
volume and high-risk mCSPC, respectively. In recent post
hoc subgroup analyses of the clinical trial, Systemic Therapy
in Advancing or Metastatic Prostate Cancer: evaluation of
drug efficacy (STAMPEDE) (3), it was concluded that for
patients with any tumor volume and risk, upfront docetaxel
and Abi were beneficial irrespective of cancer volume or risk
(4, 5). More recent trials also indicated survival benefits in
patients with low-volume or low-risk mCSPC receiving
upfront use of later generation androgen pathway inhibitors
such as enzalutamide (6) and apalutamide (7). A review and
network meta-analysis also demonstrated that ADT plus
enzalutamide improved survival compared to that with ADT
alone for low-volume disease (8). The European Association
of Urology (9) and American Urological Association/
American Society for radiation Oncology/Society of Urologic
Oncology (10) guidelines recommend combination docetaxel,
Abi plus prednisone, apalutamide, or enzalutamide with ADT
as first-line therapy for all patients with mCSPC which
reflects current standard of care practices. These agents,
however, can cause agent-specific adverse events. Docetaxel
has been associated with leukocytopenia, alopecia, and
neuropathy; Abi can cause hypertension and hypokalemia;
enzalutamide and apalutamide can cause fatigue and rash,
respectively (1, 2, 6, 7). 

Some patients with mCSPC achieve long-term survival
under ADT alone. In the CHAATED trial, for example, more
than 50% of patients with low-volume disease survived
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longer than 5 years under ADT alone (1). Upfront docetaxel
and Abi may be excessive treatment for patients with long-
term survival taking ADT alone; the adverse events caused
by multiple agents may exceed the benefit. Therefore, being
able to predict oncological outcomes to avoid unnecessary
treatment-related toxicity and medical expense is necessary. 

Biomarkers to effectively predict primary ADT responses
and to identify patients who may obtain long-term survival
under ADT alone are required. Biomarkers that can be
determined early in the treatment process would help avoid
treatment delays for men who require combination therapy
with ADT. As demonstrated in the CHAATED (1) and
LATITUDE (2) trials, a 3-month delay in starting a
combination therapy may be acceptable. In our daily clinical
work, we have observed patients who experience early
prostate-specific antigen (PSA) decline and who have
achieved long-term survival under primary ADT only.
Therefore, in the present study, we investigated the
association between survival and PSA value early in the
treatment process in patients receiving treatment with ADT. 

Patients and Methods

Patients and treatment. Consecutive patients with mCSPC who
received ADT at the University of Occupational and Environmental
Health Hospital and Kyushu University Hospital between April
2004 and December 2019 were considered for analysis. Patients
who started primary ADT at other hospitals who were then
transferred to our hospitals were also included. All patients received
primary ADT with castration (either surgical, luteinizing hormone-
releasing hormone agonist or antagonist) with or without first-
generation anti-androgens (bicalutamide or hydroxyflutamide). PSA
was measured every month after ADT initiation for several months.
In patients with low and stable PSA levels, PSA was measured
every 3 months. Imaging studies were performed at each physician’s
discretion. Patients who received radiation therapy, chemotherapy,
or later generation androgen pathway inhibitors such as Abi within
6 months after ADT initiation were excluded. 

Definition of disease volume, risk and castration-resistant disease.
Disease volume and risk were defined according to the CHAATED
(1) and LATITUDE (2) trials, respectively. In brief, high volume
was defined as the presence of visceral metastases with/without ≥4
bone metastases and at least one metastatic lesion outside the
vertebral column and pelvis. High-risk patients were defined as
those with at least two of the following three factors; Gleason score
≥8, ≥3 bone metastases, visceral metastases. Castration-resistant
prostate cancer (CRPC) was defined according to the European
Association of Urology guideline (9) as follows: castration levels
of serum testosterone ≤50 ng/dl plus either biological progression
(three consecutive rises in PSA 1 week apart resulting in two 50%
increases over the nadir, and a PSA >2 ng/ml) or radiological
progression. 

Statistical analysis. Differences in continuous and categorical
variables were tested using a Mann–Whitney U-test and chi-squared
test, respectively. Overall survival (OS), prostate cancer-specific

survival (PCSS), and CRPC-free survival were defined as the time
from ADT initiation to death from any cause, prostate cancer death,
and progression to CRPC, respectively. Survival rates were
calculated with the Kaplan–Meier method and a log-rank test was
used for comparison of survival between groups. Univariate analysis
was performed using EZR (Easy R, Vienna, Austria), which is a
graphical user interface for R (The R Foundation for Statistical
Computing). A value of p≤0.05 was considered statistically
significant.

Ethics approval. The Institutional Review Boards of University of
Occupational and Environmental Health (UOEHCRB19-050) and
Kyushu University (29-438) approved this study. 

Results
Patient characteristics. A total of 317 patients with mCSPC
were identified during the study period. Of them, 19 were
excluded because they received radiation therapy within 6
months after primary ADT initiation; 56 patients were
excluded owing to a lack of detailed clinical and follow-up
data. The remaining 242 patients were eligible for analysis
and baseline characteristics are shown in Table I. Median age
and initial PSA were 73 [interquartile range (IQR)=67-78]
years and 203.2 (IQR=68.9-646.0) ng/ml, respectively.
Patients with high-volume and high-risk cancer comprised
156 (64.5%) and 167 (69.0%), respectively. Patients with
high-volume and/or high-risk cancer and those with low-
volume low-risk cancer comprised 178 (74.0%) and 64
(26.0%), respectively.

Survival and PSA. The median follow-up time from ADT
initiation, was 44 (IQR=23-72) months. The median OS for
men with low-volume low-risk cancer was 103.0 months
compared with 48.0 months for men with high-volume
and/or high-risk cancer and was significantly longer [hazard
ratio (HR)=0.44 95%, confidence interval (CI)=0.31-0.63,
p≤0.0001, Figure 1]. Heterogeneity in survival was
investigated in volume and risk categories The PSA response
was used to distinguish patients with favorable outcomes
from those with unfavorable outcomes. We compared OS
according to PSA cut-off levels of 0.5, 1, 2 and 4 ng/ml at 3
months following ADT initiation. In patients with high-
volume and/or high-risk cancer, none of the PSA cut-off
values distinguished patients with favorable from those the
unfavorable survival (Figure 2A). In patients with low-
volume low-risk cancer, PSA cut-offs of 0.5, 1 and 4 ng/ml
at 3 months were not able to distinguish between survival
groups; however, a PSA cut-off of 2 ng/ml distinguish
patients who achieved long-term OS from those who
achieved only short-term OS (Figure 2B). The median OS
was 112.0 months for patients with 3-month PSA ≤2 ng/ml
and 60.0 months for those with 3-month PSA >2 ng/ml,
respectively (HR=0.39, 95% CI=0.16-0.93, p=0.034). Five-
year OS rates for patients with 3-month PSA ≤2 ng/ml and
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>2 ng/ml were 85.3% and 48.3%, respectively. Patients with
3-month PSA ≤2 ng/ml had substantially longer OS;
however, the OS for those with 3-month PSA >2 ng/ml was
not significantly different from those patients with high-
volume and/or high-risk disease. PCSS and CRPC-free
survival also followed similar patterns (Figure 3A and B).
Patients with low-volume low-risk cancer and with 3-month
PSA ≤2 ng/ml had significantly longer PCSS than those with
a 3-month PSA >2 ng/ml (median: not reached vs. 90.5
months; HR=0.36, 95% CI=0.13-0.94, p=0.037). In patients
with low-volume low-risk cancer, the median CRPC-free
survival of those with a low PSA level was 57.3 months
while it 24 months for the high PSA group (HR=0.38, 95%
CI= 0.17-0.85, p=0.002). PSA values at 1 or 2 months after
ADT initiation did not predict survival (data not shown).

The results from univariate analysis of data for patients
with low-volume low-risk cancer revealed that initial PSA
[higher vs. lower than 60 ng/ml (median)], Gleason group (1-
3 vs. 4, 5), T-stage (1, 2 vs. 3, 4) and nodal status (0 vs. 1)

were not associated with long-term survival but 3-month
PSA ≤2 ng/ml was significantly associated with long-term
survival (Table II). Multivariate analysis was not performed
because the number of patients (n=64) and death (n=25) of
patients with low-volume low-risk cancer disease were too
small for the analysis.

Discussion

In contrast to prostate cancer therapy options of the past, we
currently have many first-line treatment options for mCSPC,
including a combination of ADT plus docetaxel (1), novel
androgen pathway inhibitors (2, 3, 6, 7) and local radiation
(11). A post hoc subgroup analyses of recent clinical trials
on treatment options for mCSPC indicated a survival benefit
across all outcome measures in those patients who were
administered combination therapy regardless of tumor
volume and risk. For patients with low-risk cancer included
in the LATITUDE and CHAATED trials, Abi plus ADT
demonstrated an OS benefit (low-risk: HR=0.66, 95%
CI=0.44-0.98; low-volume: HR=0.64, 95% CI=0.32-9.97)
(4). For patients with low-volume cancer in the CHAATED
trial, the median OS for those on docetaxel plus ADT was
93.2 months and was 76.7 months for those on ADT alone.
The HR was consistent between those with low- and high-
volume cancer (HR=0.76, 95% CI=0.54-1.07; and HR=0.81,
95% CI=0.64-1.02, respectively) (5). These analyses suggest
that combination treatment can provide oncologic benefit for
patients with mCSPC irrespective of cancer risk or volume. 

In contrast, the aggregate data analysis of the CHAATED
and Groupe d'Étude des Tumeurs Uro-Genital and
Association Française d'Urologie (GTUG-AFU15) trials
indicated a survival benefit for those on upfront docetaxel
versus ADT alone in patients with high-volume cancer;
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Table I. Baseline patient characteristics (N=242).

Characteristic                                    Subgroup                      Value

Age at ADT start, years                    Median (IQR)           73 (67-78)
Performance status, n (%)                0                                 92 (38.0)
                                                          1                                 67 (27.7)
                                                          2                                  12 (5.0)
                                                          3                                   5 (2.1)
                                                          Unknown                   66 (27.3)
PSA prior to ADT, ng/ml                 Median (IQR)    203.2 (68.9-646.0)
Gleason group, n (%)                       1                                   4 (1.7)
                                                          2                                   9 (3.7)
                                                          3                                  21 (8.7)
                                                          4                                 74 (30.6)
                                                          5                                130 (53.7)
                                                          Unknown                     4 (1.7)
Primary tumor stage, n (%)              ≤T2                             42 (17.4)
                                                          T3                              127 (52.5)
                                                          T4                               70 (28.9)
                                                          Tx                                 3 (1.2)
Regional node status, n (%)             N0                              86 (35.5)
                                                          N+                             131 (54.1)
                                                          Nx                              25 (10.3)
Number of bone metastasis, n (%)    ≤4                               86 (35.5)
                                                          >4                              131 (54.1)
                                                          Unknown                   25 (10.3)
Visceral metastasis, n (%)                No                             208 (86.0)
                                                          Yes                             31 (12.8)
                                                          Unknown                     3 (1.2)
Disease volume, n (%)                     High                          156 (64.5)
                                                          Low                            85 (35.1)
                                                          Unknown                     1 (0.4)
Disease risk, n (%)                           High                          167 (69.0)
                                                          Low                            75 (31.0)

ADT: Androgen deprivation therapy; IQR: interquartile range.

Figure 1. Kaplan–Meier estimate of overall survival for patients with
low-volume and low-risk (L) prostate cancer versus those with High-
volume and/or high-risk (H) disease.
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Figure 2. Kaplan–Meier estimate of overall survival according to different 3-month prostate-specific antigen (PSA) cut-off values of 0.5, 1, 2 and 4
ng/ml in patients with high-volume and/or high-risk prostate cancer (A) and those with low-volume low-risk prostate cancer (B).



however, this benefit was not seen for those with low-volume
cancer (pooled HR=1.03, 95% CI=0.77-1.38) (13). According
to the LATITUDE trial, the long-term follow-up did not
indicate a survival benefit with administration of upfront Abi
in patients with low-volume disease (HR=0.72, 95% CI=0.47-
1.10) (14). Therefore, benefits from addition of docetaxel or
Abi in low-volume disease are still controversial. 

Three-year OS rates for patients with low-risk and low-
volume cancer treated with ADT alone in the STAMPEDE
trial were 78% and 77%, respectively (4). For patients with
low-volume cancer treated with ADT alone in the same trial,
median OS and 5-year survival rate were 76.7 months and
57%, respectively (5). In the GETUG-AFU15 trial, median
OS for those with low-volume cancer was 83.4 months (13).
In these cohorts, approximately 50% and 40% of patients
with low-risk/volume disease treated with ADT alone
survived longer than 5 and 7 years, respectively. Therefore,
a subset of patients with mCSPC achieved long-term survival
under ADT alone, suggesting that certain patients may not
require combination therapy with ADT. 

Combination therapies increase the risk of adverse events.
Clinical trials suggest that docetaxel-induced febrile neutropenia

may be more serious in patients with CSPC compared to those
with CRPC (1, 12, 15). Of the patients in the docetaxel arm of
the CHAATED and STAMPEDE trials, 14% and 23%,
respectively, did not complete the planned six courses of
docetaxel due to adverse events (1, 15). In the GETUG-AFU15
trial, 21% of patients in the docetaxel arm discontinued the
drug due to adverse events (12). In addition, 16/1774 patients
in three clinical trials died of docetaxel toxicity (16). When Abi
was given in combination with ADT, 63% and 47% patients in
the LATITUDE (2) and STAMPEDE (17) trials, respectively,
experienced grade 3 or greater adverse events. Long-term use
of prednisone with Abi may cause various steroid-related
events and increased medical costs are also problematic.
Appropriate early treatment decisions are therefore required to
avoid unnecessary overtreatment, toxicities, and medical
expenses.

PSA kinetics can predict oncological outcomes after
primary ADT for mCSPC. One systematic review and meta-
analysis indicated that a higher nadir PSA and shorter time
to nadir were associated with shorter progression-free and
OS (18). The time from ADT initiation to nadir PSA (19-21)
along with the PSA level at 7 months from ADT initiation
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Figure 3. Kaplan–Meier estimate of prostate cancer-specific (A) and castration-resistant prostate cancer-free (B) survival for patients with low-
volume low-risk cancer.

Table II. Univariate analysis for risk of death.

Variable                                     Subgroup                                                        HR                                        95% CI                                         p-Value

Initial PSA                                ≤60 vs. >60 ng/ml                                        1.281                                   0.5336-3.073                                    0.580
Gleason group                          1-3 vs. 4, 5                                                    1.132                                   0.4797-2.672                                    0.777
Primary tumor stage                 1, 2 vs. 3, 4                                                   0.8145                                 0.3002-2.21                                      0.687
Nodal stage                               0 vs. 1                                                           1.022                                   0.4439-2.352                                    0.959
3-Month PSA                           ≤2.0 vs. >2.0 ng/ml                                      2.292                                   1.042-5.043                                      0.039

PSA: Prostate-specific antigen; HR: hazard ratio; CI: confidence interval.



(21) were reported to be prognostic factors for men with
mCSPC who received ADT alone. Although these
biomarkers may predict survival, the optimal value of nadir
and time to nadir PSA were not identified. It takes
approximately 6 to 12 months to calculate the nadir and time
to nadir PSA values (20-22) and these biomarkers are
determined only retrospectively. In addition, using these
biomarkers can delay initiation of additional docetaxel or
androgen pathway inhibitors when patients have unfavorable
cancer outcomes and need these agents as upfront
combination therapy. 

We demonstrated that 3-month PSA after ADT initiation
can predict long survival in men with low-risk and low-
volume disease and that patients with 3-month PSA ≤2 ng/ml
may not need combination therapy as first-line treatment.
Combination therapy is recommended when 3-month PSA
does not reach ≤2 ng/ml, even if patients have low-risk and
low-volume cancer, because of their poor prognosis under
ADT alone. In patients with high-risk and/or high-volume
disease, oncological outcomes were unfavorable irrespective
of the 3-month PSA level, and in these cases, early
combination therapy is indicated. 

Polymorphisms in several genes that are associated with
androgen signaling are associated with OS and CRPC-free
survival (23). A recent study demonstrated that OS and
CRPC-free survival varied by genotype of HSD3B1, which
encodes 3β-hydroxysteroid dehydrogenase-1, in low-volume
mCSPC (24). Molecular subtyping by gene-expression
profiling may also predict treatment outcome in patients with
mCSPC (25, 26). Hamid et al. suggested that those with the
luminal B subtype of mCSPC benefited from addition of
docetaxel to ADT, however, those with the basal subtype did
not (26). These molecular biomarkers may be promising and
will help identify the appropriate treatment for each patient
with mCSPC in the future. At present, we propose that
patients with low-risk and low-volume disease start ADT
with simultaneous PSA monitoring. When 3-month PSA is
>2 ng/ml, adding docetaxel or androgen pathway inhibitors
to ADT should be considered. Patients with low-volume low-
risk cancer who achieve a level of PSA ≤2 ng/ml at 3 months
are more likely to have a longer survival. Our patients’
median OS was 112 months and ADT may be enough for
such patients, especially for men with life expectancy shorter
than 10 years, and adverse events of combination therapy
may exceed the oncological benefit in these patients.

This study has several limitations. Our patients were
Japanese only, and it has been shown that they have favorable
responses to ADT (27-29). Further studies that include patients
of other races are required for generalization of our results.
Assessments of some of the prognostic biomarkers such as
serum testosterone, alkaline phosphatase, hemoglobin, lactate
dehydrogenase, albumin were not included in analyses
because of the retrospective nature of this study and

incomplete data in our database. Inter-observer variation of
Gleason grade may exist because pathological diagnosis was
made over a long period. We, however, do not think these
factors have a great impact on our conclusions. 

Conclusion

PSA level at 3 months after ADT initiation was associated
with survival in patients with low-risk and low-volume
mCSPC and those who achieved PSA ≤2 ng/ml at 3 months
had a favorable outcome. ADT may be sufficient, and
upfront docetaxel or androgen pathway inhibitors may be
considered excessive treatment for these patients, especially
for those with short life expectancy. In contrast, upfront
combination therapy is recommended for patients with 3-
month PSA >2.0 ng/ml, even if they have low-volume and
low-risk disease. 
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