
Abstract. Background: Outcomes of castration-sensitive
prostate cancer (CSPC) have improved owing to new
therapies and early treatment, previously reserved for
castration-resistant disease (CRPC). Prostatic-specific
antigen (PSA) remains the most used marker to follow-up
patients under treatment, but only limited data are available
about the prognostic role of its changes over time and the
impact of response to subsequent therapies. This analysis
aims to assess the prognostic role of the magnitude and
velocity of PSA response in CSPC and describe how this may
affect the outcome to subsequent treatment outcomes in
CRPC. Patients and Methods: A retrospective analysis was
performed on patients with de novo CSPC referring to six
oncology centers in Italy. Clinical and pathological features
were recorded. PSA response (PSA50), defined as a decrease
> 50% compared to baseline, PSA velocity (PSAv), defined
as any decrease in PSA levels over time and the deep and
fast PSA response (4mPSA50), defined as the PSA response
reached within the threshold of 4 months from the beginning
of androgen deprivation therapy (ADT) have been evaluated
for their impact on survival. Survivals were estimated using
the Kaplan-Meier method and compared across groups using

the log-rank test. Cox proportional-hazard models, stratified
according to baseline characteristics, were used to estimate
hazard ratios for overall survival (OS). Results: A totals of
94.4% of patients had PSA50, which was correlated to
longer OS compared to patients without PSA50 (56.0 vs.
14.8 months; p<0.001). The median PSAv was 6.9
(ng/dl)/month, which was predictive for longer OS: Each
decrease of 1 (ng/dl)/month was able to improve OS by 0.2%
(HR=0.998, 95%CI=0.997-1.000; p=0.008). A total of
47.9% of patients reached 4mPSA50, with a median OS and
progression-free survival (PFS) to ADT-based therapy of
101.0 and 23.4 months compared to 41.9 and 11.0 months
for those who did not (p<0.001), respectively. The
independent prognostic role of 4mPSA50 was retained even
when evaluated in multivariable analysis adjusted for other
baseline characteristics and early docetaxel for CSPC. In
CRPC, 4mPSA50 evaluated during CSPC retains its
prognostic role even if it does not predict a different outcome
between patients treated with abiraterone/enzalutamide or
taxanes. Conclusion: Achieving a deep and fast PSA
response correlates with a better outcome in patients with de
novo mCSPC, also positively influencing the prognosis of the
subsequent first-line therapy for CRPC disease.

Prostate cancer (PC) can present with synchronous
metastases at the time of initial cancer diagnosis, a condition
defined as de novo metastatic castration-sensitive prostate
cancer (mCSPC). In developed countries, de novo mCSPC
accounts for only 4% of all PC, and represents a biologically
aggressive disease marked by poor prognosis with a 5-year
OS rate of about 35% (1-3). 
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In recent years, survival outcomes of mCSPC men have
been improving owing to the evolved strategy of moving
life-prolonging treatment options from the castration-
resistant phase of the disease (CRPC) forward to the
hormone-sensitive setting. Nowadays, the mCSPC treatment
algorithm includes new drugs, e.g., docetaxel and new-
generation hormonal agents like abiraterone, enzalutamide,
or apalutamide, which are added to androgen deprivation
therapy (ADT) at an early stage (4-10). The availability of
several therapies, not directly compared to each other,
complicates the decision-making process. Indeed, besides the
profoundly different toxicity profile of chemotherapy and
hormonal agents, a reliable molecular and clinical prognostic
stratification of mCSPC patients is an urgent need to select
for the most appropriate therapy, monitor its efficacy, and
identify the ideal administration sequence, which defines
optimal and personalized patient management. To date, the
main two clinical prognostic models used in the castration-
sensitive setting, borrowed from CHARTEED and
LATITUDE trials, identify the disease volume (extension of
bone metastatic involvement and presence of visceral
metastases) as the principal feature influencing patient
prognosis (4, 6). However, lack of full correspondence
between the two classifications together with the uncertainty
about a clear benefit (or the absence of a benefit) of new
therapies for some categories of patients (i.e., docetaxel for
low-volume patients, abiraterone for low-risk) pushes
research forward to identify validated and reproducible
prognostic factors. The aim of our analysis was to evaluate
the role of PSA response, in terms of magnitude and velocity
from the beginning of ADT, and evaluate the possible impact
of a deep and fast PSA response on subsequent therapy lines
(first-line treatment for CRPC disease).

Patients and Methods

Patients. Medical records of patients affected by de novo metastatic
prostate cancer, referred to six oncology centers, were screened to
find those with metastatic disease at diagnosis. Patients were
excluded if baseline characteristics such as histologic diagnosis,
extension of disease, or type of treatment were not available. Other
baseline characteristics required for study inclusion were: prostate
cancer diagnosis with evidence of primary metastatic spread at bone
scan, computed tomography (CT), magnetic resonance imaging
(MRI), or Choline PET/CT, at time of diagnosis, availability of
ECOG performance status, ADT (±docetaxel) initiation and at least
one follow-up visit after the initial diagnosis. 

PSA was evaluated at baseline and nadir. The latter was the lowest
value reported during treatment with ADT or the combination of
ADT and docetaxel. PSA response (PSA50) was defined as a
decrease >50% compared to baseline; PSA velocity (PSAv) was
defined as any decrease in PSA levels over time (ng/dl)/month.
Patients with deep and fast PSA response (4mPSA50) were defined
in case of a PSA response reached within the threshold of 4 months

from the beginning of ADT. The primary endpoint of the present
analysis was to assess if patients with PSA50, PSAv, and deep and
fast PSA response (4mPSA50) had a better outcome compared to
those who did not. The secondary endpoint was to investigate if
deep and fast PSA response during treatment for CSPC can be used
as a predictive factor for subsequent first line CRPC therapy.

Statistics. Descriptive statistics were used to characterize patients at
baseline, which was defined as the date of ADT beginning. Overall
survival (OS) was evaluated from the beginning of ADT to death or
last follow-up, whichever occurred first; while the castration-
resistant overall survival (crOS) was evaluated from the beginning
of first line therapy for CRPC to death or last follow-up, whichever
occurred first. Progression free survival (PFS) during ADT was
evaluated from the beginning of ADT to CRPC diagnosis or last
follow-up, whichever occurred first.

All survivals were estimated by the Kaplan-Meier method, and
compared across groups using the log-rank test. Cox proportional-
hazard models, stratified according to the baseline characteristics,
were used to estimate hazard ratios for OS and PFS. All the variables
were significant if p<0.05. The PASW software (Predictive Analytics
SoftWare; v 25; IBM SPSS) was used for the analysis. 

Results 
Patients. Four hundred and fifteen de novo mCSPC patients
were reviewed; 215 patients had complete data about PSA
and were included in the final analysis. All patients received
ADT, while additionally early docetaxel was administered in
28.8% of cases. Other baseline characteristics of the included
patients are reported in the Table I. After a median follow-up
of 36.1 months, 33% of patients died and 78.6% progressed
to ADT with or without docetaxel. The median OS in the
whole cohort was 55.0 months (95%CI=47.4-62.5) and the
median PFS on ADT was 16.4 months (95%CI=14.6-18.3). 

Effect of PSA response and velocity on OS for CSPC. In the
overall cohort, 94.4% of patients had PSA50, which correlated
significantly to longer OS compared with those without
PSA50 (56.0 vs. 14.8 months; p<0.001). The median PSAv
was 6.9 (ng/dl)/month, and it was predictive of longer OS.
Indeed, each decrease of 1 (ng/dl)/month was able to improve
the OS by 0.2% (HR=0.998, 95%CI=0.997-1.000; p=0.008).
Given the correlation of both PSA50 and PSAv to OS, we
investigated the outcome of patients with both these variables
and therefore with deep and fast PSA response: these have
been combined in the PSA50 reached within 4 months from
the beginning of ADT (4mPSA50). One hundred and three
(47.9%) patients reached 4mPSA50; these patients had a
median OS of 101.0 months compared to 41.9 months of those
who did not (p<0.001) (Figure 1A). This benefit was
maintained even if a landmark analysis was performed
excluding patients who died within six months (p<0.001). 

The independent prognostic role of 4mPSA50 was retained
even when this variable was included in the multivariable
analysis adjusted for other baseline characteristics and early
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docetaxel (Table II). In patients with high disease volumes
according to CHAARTED definition, only 43.1% reached
4mPSA50 compared to 53.5% of patients with low volume,
but the difference was not significant (p=0.13). On the
contrary, the median PSAv was significantly higher in patients
treated with early docetaxel compared to those who were not
(–16.6 vs. –5.3; t-test p=0.026). 

Patients with 4mPSA50 had a median PFS to ADT-based
therapy of 23.4 compared to 11.0 months of those without a
deep and fast PSA response (p<0.001) (Figure 1B). This
benefit was maintained even a landmark analysis excluding
patients who progressed within six months (p<0.001) or in
those who received (20.7 vs. 11.0; p=0.058) or not (24.6 vs.
10.7; p<0.001) early docetaxel.

Effect of PSA response on first-line therapy for CRPC. In the
overall population after progression to ADT-based therapy,
126 out of 215 (46.8%) evaluable patients received first-line
CRPC therapy; among these, 75 patients were treated with
androgen receptor-targeted agents [(ARTA) i.e., abiraterone
or enzalutamide] and 51 with taxanes-based therapy. No
differences in distribution of therapy type were found
between patients with or without 4mPSA50 (p=0.75). The
median OS was 29.8 months for patients treated with ARTA,
24.1 months for those treated with taxanes and 11.9 months
for those who did not receive any therapy (ARTA or taxanes
vs. none p<0.05; ARTA vs. taxanes p=0.93) (Figure 2). 

In the overall cohort 4mPSA50 remained a prognostic
factor after the beginning of first line therapy for CRPC
(mOS 27.8 vs. 20.1 months; p=0.011). In patients previously
treated with ADT alone, the median OS was 29.7 months,
for those treated with ARTA and 27.8 months for those
treated with docetaxel, but the difference was not significant
(p=0.94). This difference remains not significant for patients
with (39.1 vs. 27.8 months; p=0.83) or without 4mPSA50
(29.3 vs. 23.6 months; p=0.89). In patients previously treated
with ADT plus early docetaxel, no significant difference in
survival was observed between patients treated with ARTA
compared with those who received cabazitaxel (median OS
was 12.8 months vs. 12.6 months, p=0.34). This difference
remains not significant for patients with (NR vs. 16.5
months; p=0.97) or without 4mPSA50 (12.8 vs. 12.6
months; p=0.12). 

Discussion

PSA represents a useful biomarker in the management of
prostate cancer (11). While the negative prognostic value of
PSA is substantially ascertained, uncertainty in the clinical
significance of PSA changes during treatments makes PSA a
questionable predictor of response to therapy. 

Several data support the association of PSA with poor
prognosis of mCRPC men. Both high pre-treatment PSA
levels and short PSA doubling time (PSADT <55 days) at
baseline of mCRPC receiving chemotherapy were
independently associated with shorter overall survival in an
exploratory analysis of 686 men enrolled in the TAX-327
study (12). Similarly, baseline PSA independently impacted
OS in the cohort of 1,088 mCRPC patients treated with
either abiraterone acetate/prednisone or placebo/prednisone
within the COU-AA-302 trial (13). In addition, also the
kinetics of PSA values could impact prognosis, as observed
in a retrospective analysis of the SWOG 99-16 study that
reveled an association between PSA decline during docetaxel
chemotherapy and prolonged survival (14). Analogously, an
early PSA response in mCRPC patients treated with
androgen receptor targeted agents (ARTA) is also linked with
improved prognosis (15).

Concerning the predictive role of PSA in the castration-resist
setting, it has well-recognized limitations. In particular, taxanes
can be responsible of PSA flares at the beginning of treatment
in mCRPC patients (16, 17). Nevertheless, the lack of a PSA
decline seems not predictive of docetaxel and cabazitaxel
efficacy, suggesting that the benefit of taxanes in improving
OS may be independent from PSA-related mechanisms (18,
19). The lack of a full concordance between PSA and
radiographic or clinical progression in mCRPC men under
ARTA treatment makes PSA a doubtful biomarker to use as a
unique parameter in clinical practice. Indeed, discordance
between PSA changes and radiological progression was
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Table I. Baseline characteristics of included patients.

Characteristics                                                                Patients
                                                                                        N=215 

Median age (years)                                                           69.6
Median PSA (ng/dl)                                                          51.0
Gleason Score ≥8 (%)                                                      51.4
Presence of pain (%)                                                        33.8
Site of metastases (%)
  Bone                                                                               79.5
      Pelvis                                                                          70.2
      Spine                                                                           53.0
      Legs/arms                                                                   34.9
      Skull                                                                            22.3
      Ribs                                                                             12.6
      ≥3 lesions                                                                    52.1
  Lymph-nodes                                                                 36.7
  Visceral (lung, liver)                                                      25.1
CHAARTED Classifications (%)                                        
  High volume                                                                  54.0
  Low volume                                                                  46.0
LATITUDE Classifications (%)                                          
  High risk                                                                        45.6
  Low risk                                                                         54.4
Docetaxel for CSPC (%)                                                  28.8

dl: Deciliter; N: number; ng: nanograms; PSA: prostate specific antigen. 



described in mCRPC patients treated with enzalutamide, both
before and after docetaxel therapy (20-22). However, a rapid
PSA decline (within the first 90 days after the start of
enzalutamide) was associated with longer OS and higher pain
response (20). The interesting role of PSA kinetics as an early

bridging endpoint of long-term clinical efficacy of abiraterone
was also evaluated analyzing several PSA kinetics endpoints
(including PSA nadir, PSA response rate [≥30%, 50%, and
90%], time to PSA progression, PSADT). This biomarker-
survival modeling framework revealed a strong association
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Figure 1. Overall survival (A) and progression-free survival (B) in patients with or without PSA >50% reduction within 4 months.

Figure 2. Overall survival of castration-resistant prostate cancer (CRPC) patients who received androgen receptor targeted agents (ARTA), taxanes
or no therapy.



between PSA kinetics, OS and radiographic PFS (especially for
PSADT) (23). A relationship between PSA response at 3
months and treatment duration and patient survival was also
observed in a French observational TAU study of abiraterone
in chemo-pretreated mCRPC patients (24). Other similar
analyses reported a positive correlation between early (within
4 weeks from the beginning of second-generation anti-
hormonal agents) and deep (>50%) PSA response with patient
clinical outcomes (25-28).

The accuracy of PSA seems higher in the castration-
sensitive setting. Three different studies identified a
correlation between higher PSA values at 7 months after
initiating ADT with shorter survival, suggesting the absolute
PSA value as an independent predictor of OS. Data from the
Southwest Oncology Group (SWOG) 9346 trial, a phase III
study comparing continuous versus intermittent androgen
blockage in mCSPC men, revealed that patients who
achieved 7-month PSA ≤0.2 ng/dl had significantly longer
survival than those who did not achieve this threshold.
Analogously, men with a PSA decline between 0.3 and 4
ng/ml had improved OS compared to those whose PSA
remained >4 ng/ml after 7 months from ADT initiation, with
mOS of 75, 44 and 13 months, respectively. Therefore, the
7-month PSA milestone of 4 ng/ml or less after ADT therapy
was suggested as a strong survival predictor (28). 

A recent confirmatory analysis came from 719 mCSPC
patients enrolled in the CHAARTED study; 7-month PSA
≤0.2 ng/dl remains a prognostic factor for longer survival,
regardless of the early addition of docetaxel to ADT.
Stratifying patients for three different 7-months PSA cut-offs
(PSA ≤0.2 ng/dl, >0.2-4.0, >4 ng/dl), median OS were 60.4,
51.9 and 22.2 months respectively. Moreover, this study
demonstrated that the early addition of docetaxel to ADT
increased the possibility of achieving a lower PSA value with
consequent improved survival, confirming PSA ≤ 0.2 ng/ml
as a prognostic marker (29). However, no data are available
concerning the superiority of reserving the addition of

docetaxel (as well as the novel generation hormonal agents)
to ADT only for those patients who do not achieve a 7-month
PSA ≤0.2 ng/ml. A retrospective study of 101 patients with
synchronous metastases from PC and treated with ADT alone
for the castration-sensitive disease (with upfront docetaxel in
8% of cases) confirmed the prognostic role of PSA at 7
months. Indeed, mOS was significantly shorter in patients with
PSA >4.0 ng/dl compared with patients with PSA between 0.3
and 4.0 ng/dl (22.2 vs. 54.0 months; p=0.0001). The result of
this small patient group (n=6) with PSA ≤0.2 ng/dl (mOS 40.5
months) did not reach statistical significance. A favorable
prognostic value was also found for the different cutoff of
PSA ≤ 1.0 ng/dl, with mOS of 55 vs. 32 months in favor of
those patients with a lower PSA value (30). All these studies
suggested that failure to achieve a PSA ≤0.2 ng/ml 7 months
after ADT initiation might identify patients who benefit from
earlier intensification of therapy. In line with these results, our
study confirmed ADT as a milestone of CSPC therapy, given
a biochemical response rate in almost all patients (PSA50
94.4%); it reinforced the prognostic role of this biomarker,
showing a strong correlation between PSA50 and improved
survival. Moreover, our analysis supported the good
prognostic value of a rapid PSA decrease (correlation between
PSAv <6.9 [ng/dl]/month and longer OS), showing a
significant association between each PSA decrease of 1
(ng/dl)/month and 0.2% of reduced risk of death. Of note,
about half of the patients meeting both variables, therefore,
those with deep and fast PSA response, had better outcomes
compared with those who did not (mOS 101.0 months vs. 41.9
months, p<0.001) regardless of other baseline characteristics
and early use of docetaxel. The secondary objective of our
study was to investigate if deep and fast PSA response
assessed during treatment for CSPC could be used as a
predictive factor for the subsequent fist-line CRPC therapy.
We found that 4mPSA50 remained a prognostic factor after
the beginning of first-line therapy for CRPC (mOS 27.8 vs.
20.1 months; p=0.011), regardless of the treatment type
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Table II. Multivariable analysis for overall survival.

Variable                                                             Univariat analysis                                                                            Multivariat analysis

                                                    HR                          95%CI                          p-Value                       HR                             95%CI                      p-Value

4mPSA50 (Y/N)                        0.30                       0.18-0.50                         <0.001                       3.33                          1.79-6.21                    <0.001
Docetaxel (Y/N)                         0.47                       0.25-0.87                           0.017                       1.51                          0.68-3.33                       0.31
Gleason ≥8                                 1.88                       0.92-3.86                           0.084                       1.35                          0.59-3.07                       0.48
Visceral metastases                    0.90                       0.50-1.61                           0.72                                                                                                  
≥3 bone mets                              2.13                       1.30-3.49                           0.003                       0.93                          0.50-1.72                       0.82
Age (cont.)                                 1.03                       1.00-1.06                          0.047                       1.05                          1.01-1.09                       0.015
Pain (Y/N)                                  2.32                       1.44-3.75                           0.001                       2.10                          1.15-3.74                       0.015

CI: Confidence interval; cont: continuous variable; HR: hazard ratio; Hr: high risk; HV: high volume; LR: low risk; LV: low volume; N: no; PSA50:
PSA response >50%; 4mPSA50: decrease of PSA>50% within four months; Y: yes.



received both for the CSPC (ADT versus ADT plus early
docetaxel) and for the CRPC disease (taxanes versus ARTA).

This study has several limitations. Given the retrospective
design, all analyses are subject to selection biases and
imbalances in unquantified variables. Therefore, the use of
the median value instead of a predetermined threshold
defining the PSAv, as well as the arbitrary and a posteriori
choice of the 4-month limit to define the PSA response as
fast (4mPSA50) may affect the relevance of the results. 

In conclusion, we found that achieving a deep and fast
PSA response correlates with a better outcome in patients
with de novo mCSPC, positively influencing the prognosis
also of the subsequent firs-line therapy for CRPC disease. It
is of utmost importance to define a-priori the best timing of
PSA changes, and to state clearly the role of PSA decrease
as predictive factor of treatment response. Although PSA is
an easy, not expensive, and well-established biochemical
test, it is important to highlight that PSA50, PSAv, and
4mPSA50 (as well as a decline of PSA value ≤ 0.2 ng/ml
after 7 months of ADT) are on-treatment variables, useless
to direct upfront patients who might benefit from early
intensification of ADT with chemotherapy or hormonal
agents; therefore, their applicability in daily clinical practice
should be restricted. Predictive pretreatment biomarkers are
needed to guide clinicians in the difficult process of
treatment selection within a sequential strategy.
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