
INTRODUCTION

Prostate cancer remains a predominant health concern worldwide, with a significant impact on morbidity and 
mortality among men1. In 2023, prostate cancer represented 29% of all new cancer diagnoses in men within the 
United States, underscoring its prevalence as the foremost cancer affecting this demographic2. Despite a nota-
ble decline in incidence rates from 2007 to 2014, recent years have witnessed a concerning uptick in diagnoses, 
particularly of regional and metastatic prostate cancer3. This resurgence is influenced by the reduced frequency 
of prostate-specific antigen (PSA) screening following recommendations issued by the United States Preventive 
Services Task Force (USPSTF) in 20124-12. Such trends highlight the critical need for revisiting screening protocols 
and therapeutic strategies to address the evolving landscape of prostate cancer prevalence and mortality.
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ABSTRACT – Objective: Prostate-specific antigen (PSA) has been a cornerstone in diagnosing and monitoring pros-
tate cancer. With the advent of advanced hormonal therapies, such as the combination of androgen deprivation ther-
apy (ADT) and abiraterone acetate plus prednisone (AAP+ADT), understanding PSA's prognostic value in metastatic 
castration-sensitive prostate cancer (mCSPC) is crucial for optimizing treatment strategies. This study was designed to 
explore the prognostic value of prostate-specific antigen in advanced prostate cancer treated with AAP+ADT.  

Patients and Methods: This study is a prospective, randomized controlled trial (RCT) comparing the effective-
ness of ADT alone vs. AAP+ADT in 236 patients with mCSPC. Participants were randomly assigned to one of the 
two treatment groups, focusing on evaluating PSA progression-free survival and overall survival. The Kaplan-Mei-
er survival curves and Log-rank tests were used for survival comparisons, and the analysis included both univari-
ate and multivariate Cox regression to identify prognostic factors. 

Results: In this RCT study, a total of 236 mCSPC patients were enrolled and 118 patients received AAP+ADT, while 
the other 118 patients were treated with ADT alone. Our findings revealed that treatment with AAP+ADT emerged as an 
independent predictor of favorable PSA trajectory (Hazard Ratio [HR]=0.412, 95% Confidence Interval [CI]: 0.288-0.535, 
p<0.001), especially pronounced in patients achieving a 50-90% reduction in PSA levels (HR=0.434, 95% CI: 0.173-0.625, 
p<0.001) and those in the PSA90 reduction category (HR=0.183, 95% CI: 0.103-0.363, p<0.001). 

Conclusions: The degree of PSA reduction following AAP+ADT therapy was a robust independent prognostic 
marker for patients with mCSPC.

KEYWORDS: Prostate-Specific Antigen, Metastatic Castration-Sensitive Prostate Cancer, Androgen Deprivation 
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Notably, prostate cancer outcomes exhibit significant disparities across racial and ethnic groups, 
with Black individuals experiencing a 70% higher incidence rate and a mortality rate two to four times 
greater than those of other racial and ethnic groups2. Additionally, American Indian/Alaska Native popu-
lations face mortality rates surpassing those of white individuals, indicating a pressing need for equita-
ble healthcare interventions and targeted research to mitigate these disparities3.

The revision of the USPSTF’s prostate cancer screening recommendations in 2018, advocating for 
personalized decision-making among men aged 55 to 69 years, represents a pivotal shift towards more 
nuanced approaches to early detection13. The subsequent increase in PSA testing rates post-2017 draft 
statement indicates a renewed emphasis on leveraging PSA as a tool for early identification of poten-
tially fatal prostate cancer cases14. Concurrently, advancements in imaging and biomarker specificity are 
poised to diminish the risk of overdetection and overtreatment, thereby maintaining the relatively low 
prostate cancer mortality rates achieved through early detection and judicious management strategies3.

In the broader context of global health, prostate cancer ranks as the second leading cause of male 
cancer-related deaths in developed regions, including Europe and America, trailing only behind lung 
cancer in terms of mortality15. In the realm of advanced prostate cancer treatment, the monitoring of 
PSA levels has been pivotal in gauging disease progression and response to therapy3.

Androgen deprivation therapy (ADT) has been the cornerstone of treatment for advanced prostate 
cancer, and the prognostic value of PSA in this context has been extensively studied16. It is well-estab-
lished that declines in PSA levels during ADT are indicative of a favorable response, correlating with 
prolonged survival and better overall outcomes17.

The emergence of metastatic castration-sensitive prostate cancer (mCSPC) at diagnosis, although 
constituting a small fraction of new cases, poses significant treatment challenges18. The standard reg-
imen of ADT for mCSPC often leads to progression to metastatic castration-resistant prostate cancer 
(mCRPC) within a year, underscoring the imperative for enhanced therapeutic approaches19. The thera-
peutic landscape is evolving, and the combination of ADT with novel agents such as abiraterone acetate 
plus prednisone (AAP) has become a new standard for treatment, particularly in cases of mCSPC3. 

The advent of abiraterone acetate, in combination with prednisone, has introduced a promising ave-
nue for the management of mCRPC20,21. Notably, a randomized controlled trial by Fizazi et al22 illuminated 
the superior efficacy of the AAP and ADT combination over the ADT alone in prolonging overall survival 
and radiographic progression-free survival in mCSPC patients. This combination, known as AAP+ADT, 
has shown improved efficacy over ADT alone, leading to a paradigm shift in therapeutic approaches22.

The advent of AAP+ADT therapy poses critical questions regarding the established prognostic frame-
works based on PSA levels. The intensified therapeutic effect of AAP+ADT may alter the dynamics of PSA 
decline, potentially offering a more rapid and profound suppression of PSA levels3. This could redefine 
the thresholds for what constitutes an optimal response to treatment and may also impact the timeline 
in which these changes become evident3. Furthermore, the mechanisms through which AAP acts, pri-
marily by inhibiting androgen synthesis and thus reducing androgen receptor signaling, could modulate 
the relationship between PSA levels and tumor burden differently than ADT alone21. This suggests that 
the prognostic significance of PSA under the influence of AAP+ADT might differ from that observed with 
ADT treatment alone.

Given this background, there is a compelling need to investigate whether PSA retains its prognostic 
significance in patients receiving AAP+ADT and to understand the nuances of its predictive value in this 
new treatment context. This research will not only inform clinical decision-making but also shed light 
on the biological underpinnings of PSA production in response to more intensive androgen blockade. 
Such insights are crucial for optimizing treatment strategies, monitoring disease course, and ultimately 
improving survival outcomes for patients with advanced prostate cancer. Therefore, this study seeks to 
delve into the prognostic value of PSA in the era of combination therapy with AAP+ADT, aiming to eluci-
date its role and refine its application in managing advanced prostate cancer.

PATIENTS AND METHODS

Study Design and Population

This prospective, randomized controlled trial is designed to evaluate the prognostic value of PSA in 
patients with advanced prostate cancer undergoing treatment with ADT+AAP compared to ADT alone. 
Participants were randomly assigned to: a) the experimental group receiving the combination therapy 
of AAP+ADT; or b) the control group receiving ADT monotherapy.
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The primary objective was to determine whether PSA levels, measured at baseline and at predefined 
intervals throughout treatment, served as an effective prognostic indicator of treatment response and 
overall survival within the context of the combination therapy as opposed to ADT alone. Secondary ob-
jectives included assessing time to castration resistance, and progression-free survival of the combined 
AAP+ADT treatment regimen.

Randomization was stratified based on baseline PSA levels, Gleason score, and the presence of visceral vs. 
non-visceral metastases to ensure a balanced allocation of prognostic factors across both treatment groups. 
The trial employed a double-blind design, with neither the participants nor the study investigators aware of 
the assigned treatments, to minimize bias. Regular follow-up visits were scheduled for clinical assessments, 
imaging studies, and laboratory tests to monitor disease progression and adverse events.

We included 300 patients diagnosed with mCSPC from June 2018 to June 2021 at the Department of 
Urology, Xuzhou Municipal Hospital (Xuzhou, China). The inclusion criteria were patients with a histopatho-
logical or cytological confirmed diagnosis of prostate cancer for the first time, presenting with at least two of 
the following high-risk factors: a Gleason score > 7, three or more bone metastases, visceral metastasis, or 
lymph node metastasis. Exclusion criteria encompassed patients with significant cardiac, cerebral, or other 
vital organ diseases, an expected life expectancy of less than 2 years, incomplete clinical data, or those lost 
to follow-up or who withdrew from the study. The study was institutionally registered and approved by the 
Ethics Committee of Xuzhou Municipal Hospital Hospital (Approval No. Ll20180625). The study followed the 
Declaration of Helsinki and its ethical principles for medical research involving human subjects.

Sample size calculation

To determine the appropriate sample size for our prospective randomized controlled trial evaluating the 
prognostic value of PSA in patients with advanced prostate cancer, we employed the PASS 15.0 software 
(Kaysville, UT, USA). We set the significance level (α) at 0.05 to maintain a 95% confidence in detecting a true 
effect, thus limiting the probability of a Type I error. The study was designed to achieve a power of 90%, 
thereby reducing the risk of a Type II error and ensuring a high probability of detecting a clinically significant 
difference between the two treatment arms if it indeed exists. Additionally, we anticipated a loss to follow-up 
rate of 20%, a realistic estimate given the study duration and the patient population involved. Considering 
these parameters, the PASS software was utilized to perform a power analysis based on the expected effect 
size derived from preliminary data and literature reviews. The analysis indicated that a total sample size of 
236 would be necessary to achieve the desired power with the specified loss to follow-up rate.

Treatment Protocol

Patients were stratified and randomly assigned to two groups: the AAP+ADT group and the ADT-on-
ly group. The treatment cycle for both groups was set at every 28 days. Specifically, patients in the 
AAP+ADT group received 1000 mg of abiraterone acetate daily plus 5 mg of prednisone in addition to 
the standard ADT regimen.

Subgroup Analysis Based on PSA Response

For detailed analysis, the AAP+ADT group was further divided based on the PSA response into three sub-
groups: PSA50 (<50% decrease from baseline PSA level), PSA50~90 (50% to <90% decrease from baseline 
PSA level), and PSA90 (≥90% decrease from baseline PSA level). This stratification allowed for a nuanced 
examination of the impact of PSA changes on overall survival (OS) in the AAP+ADT-treated cohort.

Follow-up and Outcome Measures

Follow-up was conducted by two experienced attending physicians, with the maximum follow-up du-
ration being 2 years. PSA progression was defined as a 25% increase in PSA levels from the baseline at 
any point from the initiation of treatment to during follow-up. Baseline PSA levels were established 
at hospital admission for routine PSA testing, with subsequent measurements taken every 3 months 
post-treatment initiation until the end of the first treatment cycle, followed by bi-monthly hospital visits 
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for PSA screening until follow-up termination or treatment cessation. Overall survival was determined 
from the start of treatment to death from any cause, with follow-up assessments every 3 months post 
the first treatment cycle until the occurrence of an outcome event or the end of the follow-up period.

Statistical Analysis

Data analysis was performed using IBM SPSS software version 23.0 (Armonk, NY, USA) and GraphPad 
Prism version 8.0.1 (La Jolla, CA, USA). Continuous variables with normal distribution were presented as 
mean ± standard deviation (SD) and compared using two independent samples t-tests or one-way anal-
ysis of variance (ANOVA) for between-group comparisons. Rate differences between groups were eval-
uated using the chi-square test. Correlation analysis was conducted using Spearman’s rank correlation 
coefficient. Survival data were statistically described and inferred using the Kaplan-Meier method and 
Log-rank test. Univariate and multivariate Cox regression models were utilized to identify independent 
prognostic factors. A p-value of <0.05 was considered statistically significant for all tests.

RESULTS

The basic characteristics between the AAP+ADT and ADT Groups

In this study, we initially screened 300 patients diagnosed with mCSPC. After the initial screening, 20 
patients were excluded due to incomplete clinical data, leaving 280 patients. Further exclusions were 
made based on medical criteria: 15 patients with significant cardiac, cerebral, or other vital organ dis-
eases and 10 patients with an expected life expectancy of less than 2 years, resulting in 255 patients 
remaining. Subsequent evaluations focused on histopathological or cytological confirmation of prostate 
cancer and the presence of at least two high-risk factors (Gleason score > 7, three or more bone me-
tastases, visceral metastasis, or lymph node metastasis). This step excluded 5 patients whose diagnosis 
was not confirmed and 20 patients who did not meet the high-risk criteria, leaving 230 patients eligible. 
Finally, 12 patients were lost to follow-up or withdrew from the study, leading to a total of 218 patients 
being included in the trial. The detailed inclusion and exclusion process is depicted in Table 1.

The mean age of participants was similar across both groups, with the AAP+ADT group averaging 
76.32 years (SD = 7.93) and the ADT group 76.26 years (SD = 7.89), yielding no significant difference (t = 
0.058, p = 0.954). Body Mass Index (BMI) scores were also comparable between the groups (AAP+ADT: 
20.41±1.25 vs. ADT: 20.39±1.23, t = 0.124, p = 0.902, Table 2).

Diagnostic timelines, including the time from initial prostate cancer (PCa) diagnosis to mCSPC diag-
nosis, showed no significant differences between the two groups (Table 2). The mean time from PCa 
diagnosis to mCSPC diagnosis was 52.46 months (SD = 7.36) for the AAP+ADT group and 51.95 months 
(SD = 7.32) for the ADT group (t = 0.534, p = 0.594, Table 2).

Laboratory values, including hemoglobin (Hb), alkaline phosphatase (ALP), and lactate dehydroge-
nase (LDH) levels, as well as PSA levels, did not significantly differ between the groups, indicating similar 
baseline disease characteristics. For instance, PSA levels were 25.48 ng/mL (SD = 6.63) in the AAP+ADT 
group and 25.46 ng/mL (SD = 6.62) in the ADT group (t = 0.023, p = 0.982, Table 2). Prostate volume and 
the extent of nerve sparing during surgical interventions were also assessed, with no significant differ-
ences observed. For example, bilateral nerve-sparing was reported in 8.47% of cases in both groups.

Table 1. Patient inclusion and exclusion flow chart.

Stage	 Criteria	 Excluded (n)	 Remaining (n)
			 
Initial Screening	 Incomplete clinical data	 20	 280
Medical Criteria Exclusion	 Significant cardiac/cerebral/	 25	 255
	   organ diseases, < 2 years LE
Confirmation and Risk 	 Not confirmed, insufficient	 25	 230
  Factor Check	   risk factors
Consent and Follow-up	 Lost to follow-up, withdrew	 12	 218
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Biopsy and pathological Gleason scores, which are critical in assessing prostate cancer aggressive-
ness, were similarly distributed across the two groups, indicating comparable disease severity at base-
line. The proportion of patients with a biopsy Gleason score of >7 points was 46.61% in the AAP+ADT 
group and 45.76% in the ADT group (χ² = 0, p = 1.000, Table 2).

Overall, the baseline characteristics and pathological findings of our study cohort did not signifi-
cantly differ between the two treatment arms, indicating well-matched groups for the evaluation of 
treatment efficacy and the prognostic value of PSA in the context of mCSPC treated with ADT alone or 
in combination with AAP.

PSA progression-free rate between the AAP+ADT and ADT Groups

In our investigation into the efficacy of combined ADT with AAP (AAP+ADT) vs. ADT alone in the 
treatment of mCSPC, a pivotal outcome measure was PSA progression-free survival (PFS). This metric, 
indicative of the duration patients remained free from PSA progression, serves as a critical indicator 
of treatment response and disease management efficacy. The analysis revealed a marked distinction 
in PSA PFS between the two treatment groups. Patients in the AAP+ADT group experienced a median 
PSA PFS of 19.3 months, substantially extending the period of disease control compared to the ADT 
group, which reported a median PSA PFS of only 6.8 months. This significant extension underscores 
the enhanced efficacy of the combined treatment approach in delaying disease progression as mea-
sured by PSA levels.

Kaplan-Meier (KM) survival curves, employed to visually represent the difference in PSA PFS be-
tween the groups, further corroborated these findings. The KM curves distinctly diverged, illustrating 
a pronounced improvement in PSA PFS for patients receiving the combination therapy of ADT and AAP 
compared to those on ADT alone (Figure 1, p <0.001). 

Table 2. Comparison of Baseline Characteristics Between Different Treatment Groups (x̄±s).

Indicator	 AAP+ADT	 ADT Group	 t/X2	 p-value
	 Group (n=118)	  (n=118)	 value	
			 
Age (years)	 76.32±7.93	 76.26±7.89	 0.058	 0.954
BMI Index	 20.41±1.25	 20.39±1.23	 0.124	 0.902
PCa Diagnosis Time (months)	 52.46±7.36	 51.95±7.32	 0.534	 0.594
mCSPC Diagnosis Time (months)	 46.45±8.26	 46.26±8.24	 0.177	 0.860
Hb (g/L)	 130.25±9.19	 129.85±9.16	 0.335	 0.738
ALP (mmol/L)	 142.42±20.15	 142.38±20.13	 0.015	 0.988
LDH (IU/L)	 197.34±31.52	 197.29±31.44	 0.012	 0.990
PSA (ng/mL)	 25.48±6.63	 25.46±6.62	 0.023	 0.982
Prostate volume (cm3)	 32.34±6.27	 32.30±6.24	 0.049	 0.961
Nerve spearing [cases (%)]			   0	 1.000
    None	 63 (53.39)	 62 (52.54)		
    Unilateral	 45 (38.14)	 46 (38.98)		
    Bilateral	 10 (8.47)	 10 (8.47)		
Biopsy Gleason Score [cases (%)]			   0	 1.000
    ≤7 points	 63 (53.39)	 64 (54.24)		
    >7 points	 55 (46.61)	 54 (45.76)		
Pathological Gleason Score [cases (%)]			   0	 1.000
    ≤7 points	 51 (43.22)	 50 (42.37)		
    >7 points	 67 (56.78)	 68 (57.63)		

Abbreviations - BMI: Body Mass Index; mCSPC: Metastatic Castration-Sensitive Prostate Cancer; PCa: Prostate Cancer; Hb: 
Hemoglobin; ALP: Alkaline Phosphatase; LDH: Lactate Dehydrogenase; PSA: Prostate-Specific Antigen.
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Baseline characteristics of different PSA decline subgroups in the AAP+ADT Groups

Patients were stratified into three groups based on the percentage reduction in PSA levels from base-
line: PSA 50 Group (less than 50% reduction, n=9), PSA 50-90 Group (50% to less than 90% reduction, 
n=14), and PSA 90 Group (90% or greater reduction, n=95). The analysis focused on various clinical and 
pathological indicators to assess their correlation with PSA response levels (Table 3).

The age of participants differed significantly across the groups (F=4.431, p=0.014, Table 3), with the 
PSA 50 Group presenting the highest mean age (78.34 years, SD=7.26) compared to the PSA 50-90 Group 
(76.78 years, SD=8.25) and the PSA 90 Group (75.88 years, SD=8.12, Table 3). This suggests a potential 
association between older age and lower PSA response.

Body Mass Index (BMI) scores across the groups did not show a statistically significant difference 
(F=2.136, p=0.120, Table 3), indicating that BMI might not play a significant role in PSA response to 
treatment in this cohort.

Diagnostic timelines, including the time from initial prostate cancer diagnosis to mCSPC diagnosis, 
showed no significant differences across the groups (Table 3), suggesting that the timing of cancer pro-
gression does not significantly impact the degree of PSA response to treatment.

Laboratory values, including hemoglobin (Hb), alkaline phosphatase (ALP), and lactate dehydroge-
nase (LDH) levels, as well as PSA levels and prostate volume, did not significantly differ across the groups 
in a way that correlated with PSA response levels.

A notable finding was observed in the distribution of biopsy and pathological Gleason scores. A significant 
association was found between the PSA response groups and the Gleason score distribution (Biopsy Gleason 
Score: χ²=31.449, p<0.001; Pathological Gleason Score: χ²=21.383, p<0.001, Table 3). The PSA 90 Group had 
a notably higher proportion of patients with a Gleason score of ≤7 points (66.32% for biopsy and 53.68% for 
pathological, Table 3) compared to the PSA 50 and PSA 50-90 Groups, where the majority of patients had a 
Gleason score of >7 points. This suggests a strong correlation between higher PSA response and lower Gleason 
scores, indicating a less aggressive disease profile in patients who achieved a greater reduction in PSA levels.

Figure 1. The PSA progression-free rate of AAP+ADT and ADT groups. (Abbreviations - ADT: Androgen 
Deprivation Therapy; AAP+ADT: ADT in conjunction with Abiraterone Acetate plus Prednisone).
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The extent of nerve sparing during surgical interventions, assessed as none, unilateral, or bilateral, 
showed no significant differences across the groups (χ²=0.901, p=0.924, Table 3), suggesting that surgi-
cal technique did not influence PSA response.

Survival differences among subgroups with different PSA reductions within the AAP+ADT Group

This study also delved into the cumulative survival rates stratified by the degree of PSA reduction 
achieved post-treatment. Patients were categorized into three groups based on their PSA response: 
PSA50, PSA50-90, and PSA90. A noteworthy finding from our analysis was the distinct variation in over-
all survival (OS) across these groups, with the PSA90 group demonstrating the highest cumulative sur-
vival rate (Figure 2), which indicates not only a strong correlation between the extent of PSA reduction 
and survival but also suggests that achieving a substantial decrease in PSA levels (90% or greater) follow-
ing treatment is associated with a significantly improved prognosis.

Conversely, the PSA50 group, characterized by the least reduction in PSA levels, exhibited the lowest 
cumulative survival rate among the cohorts (Figure 2). This finding underscores the prognostic impor-
tance of achieving a marked reduction in PSA levels as an indicator of treatment efficacy and a predictor 
of longer-term survival. The PSA50-90 group occupied an intermediate position in terms of cumulative 
survival, further reinforcing the dose-response relationship between PSA reduction and patient survival.

Multivariate analysis for the survival

In our comprehensive evaluation of prognostic factors influencing outcomes in advanced prostate can-
cer, both univariate and multivariate Cox regression analyses were meticulously conducted (Table 4). 

Table 3. Comparison of baseline characteristics of different PSA decline subgroups in the 
AAP+ADT Groups (x̄±s).

Indicator	 PSA 50 	 PSA 50-90 	 PSA 90	 F/X2	 p-value
	 Group (n=9)	 Group (n=14)	 Group (n=95)	 value	
			 
Age (years)	 78.34±7.26	 76.78±8.25	 75.88±8.12	 4.431	 0.014
BMI Index	 20.51±1.38	 20.07±1.43	 20.43±1.28	 2.136	 0.120
PCa Diagnosis Time (months)	 52.82±6.42	 50.78±8.24	 53.26±9.03	 0.530	 0.590
mCSPC Diagnosis Time (months)	 44.23±8.42	 47.23±9.34	 46.43±8.25	 0.519	 0.590
Hb (g/L)	 129.35±7.25	 128.64±8.53	 130.35±9.42	 2.828	 0.063
ALP (mmol/L)	 152.44±20.42	 135.46±20.63	 142.45±18.53	 1.827	 0.166
LDH (IU/L)	 207.35±34.25	 190.23±30.45	 195.63±32.04	 0.191	 0.826
PSA (ng/mL)	 24.35±4.45	 27.36±4.53	 26.36±7.24	 0.902	 0.409
Prostate volume (cm3)	 30.45±6.52	 33.35±6.42	 32.53±6.63	 1.316	 0.272
Nerve spearing [cases (%)]				    0.901	 0.924
    None	 5 (55.56)	 7 (50.00)	 51 (53.68)		
    Unilateral	 3 (33.33)	 5 (35.71)	 37 (38.95)		
    Bilateral	 1 (11.11)	 2 (14.29)	 7 (7.37)		
Biopsy Gleason Score [cases (%)]				    31.449	 <0.001
    ≤7 points	 0 (0.00)	 0 (0.00)	 63 (66.32)		
    >7 points	 8 (88.89)	 13 (92.86)	 34 (35.79)		
Pathological Gleason Score [cases (%)]				    21.383	 <0.001
    ≤7 points	 0 (0.00)	 0 (0.00)	 51 (53.68)		
    >7 points	 9 (100.00)	 13 (92.86)	 45 (47.37)

Abbreviations - BMI: Body Mass Index; mCSPC: Metastatic Castration-Sensitive Prostate Cancer; PCa: Prostate Cancer; Hb: 
Hemoglobin; ALP: Alkaline Phosphatase; LDH: Lactate Dehydrogenase; PSA: Prostate-Specific Antigen.
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These analyses encompassed a broad spectrum of variables, including baseline age, time from initial 
PCa diagnosis to mCSPC diagnosis, Gleason score, BMI, and levels of PSA, Hb, ALP, and LDH. The intent 
was to distill the factors that significantly affect tumor progression and patient prognosis.

A pivotal finding from the multivariate analysis was the emergence of combined ADT with AAP as an 
independent predictor of tumor progression. Compared to ADT treatment alone, the AAP+ADT regimen 
markedly reduced the hazard of tumor progression, with a Hazard Ratio (HR) of 0.412 and a 95% Con-
fidence Interval (CI) ranging from 0.288 to 0.535 (p<0.001). Furthermore, the degree of PSA reduction 
post-treatment emerged as a critical prognostic factor. Patients achieving varying degrees of PSA reduc-
tion exhibited significantly different prognoses, with those in the PSA90 group, who achieved the most 

Figure 2. Survival differences among subgroups with different PSA reductions. (Abbreviations - PSA: 
Prostate-Specific Antigen.

Table 4. Multivariate Cox regression analysis results.

Indicator	 Hazard Ratio	 95% Confidence Interval	 p-value
			 
PSA progression			 
    ADT	 1		
    AAP+ADT	 0.412	 0.288-0.535	 <0.001
Overall survival			 
    PSA50	 1		
    PSA50-90	 0.434	 0.173-0.625	 <0.001
    PSA90	 0.183	 0.103-0.363	 <0.001
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substantial PSA reductions, displaying the most favorable outcomes. Specifically, when using the PSA50 
group as the reference, the PSA50-90 group showed an HR of 0.434 (95% CI: 0.173 to 0.625), while the 
PSA90 group had an even more pronounced reduction in risk, with an HR of 0.183 (95% CI: 0.103 to 
0.363), both demonstrating statistical significance (p<0.001). 

DISCUSSION

In this comprehensive study, we enrolled a total of 236 patients with mCSPC treated at our hospital, 
receiving either ADT combined with APP (AAP+ADT) or ADT alone. The baseline characteristics between 
the two patient groups were carefully matched to ensure comparability. Survival analysis revealed a 
significant extension in PSA progression-free survival among patients administered with the AAP+ADT 
regimen compared to those receiving ADT alone, highlighting the superior efficacy of the combination 
therapy in delaying disease progression.

Further, subgroup analysis within the AAP+ADT cohort underscored a pronounced correlation be-
tween the magnitude of PSA reduction and OS. Specifically, patients experiencing substantial PSA de-
clines exhibited significantly longer OS, establishing PSA as an independent prognostic marker for pa-
tients undergoing AAP+ADT treatment. This observation aligns with the evolving understanding of PSA 
dynamics in the management of prostate cancer, particularly in the context of novel hormonal therapies 
that have shifted the therapeutic landscape.

The significance of ADT, as a foundational treatment modality for metastatic prostate cancer, has 
been undisputed since Huggins21 first demonstrated its effectiveness in 1941. Modern approaches en-
compass both medical and surgical castration, with the former including treatments such as estrogens, 
antiandrogens, and gonadotropin-releasing hormone agonists or blockers22, and the latter being an op-
tion for patients with limited resources or poor compliance23. Despite the initial effectiveness of ADT, 
the transition to mCRPC represents a pivotal challenge with a notably poorer prognosis24.

The advent of abiraterone acetate, a potent androgen synthesis inhibitor, has markedly enhanced 
the therapeutic arsenal against mCSPC. Studies by Fizazi et al25 and James et al26 have substantiated 
the role of AAP+ADT in significantly prolonging median OS and reducing the risk of death and bone 
metastasis in patients with advanced metastatic prostate cancer, propelling AAP+ADT to the forefront 
as a first-line treatment recommendation in both international and domestic guidelines, based on the 
findings presented at the American Society of Clinical Oncology (ASCO) conference.

PSA, a glycoprotein synthesized by prostatic cells, serves as a critical biomarker for diagnosing and 
prognosticating PCa27-29 and often used as an important evaluation indicator even in different types 
of studies30. The utility of PSA in predicting outcomes in prostate cancer has been well-documented 
across various treatment modalities28. The study by Hussain et al29 highlighted the prognostic value of 
achieving a PSA level below 4 ng/mL post-ADT initiation, and Matsubara et al30 further corroborated 
the significant association between PSA reduction and improved OS in patients treated with AAP+ADT, 
echoing the findings of our research. However, due to the genetic specificity of different races, we need 
to verify these conclusions in different populations31, and our study provides important references for 
the predictive value of PSA in Chinese populations.

The present study boasts several advantages, including its robust prospective, RCT design, which 
significantly mitigates selection bias and enhances the reliability of the findings by providing a high level 
of evidence on the prognostic value of PSA in mCSPC treatment. The comprehensive inclusion of base-
line demographic and clinical characteristics facilitates a thorough understanding of patient profiles and 
treatment outcomes. Moreover, the employment of both univariate and multivariate analyses allows 
for an in-depth exploration of independent prognostic factors, reinforcing the study’s contribution to 
the existing literature on the efficacy of AAP+ADT.

LIMITATIONS

The sample size, while adequate, limits the generalizability of the findings to broader populations. The 
study’s setting in a single institution in the Chinese population may introduce a degree of selection 
bias, potentially affecting the external validity of the results. Besides, many other factors, such as high 
dietary acid load, can also be used to influence the development of prostate cancer, but this study did 
not fully account for the impact of other variables on patient outcomes, which needs to be further 
verified. Furthermore, the follow-up duration may not capture long-term outcomes and late adverse 
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effects, which are critical for a comprehensive assessment of the treatment’s efficacy and safety. At 
the same time, the study addresses the prognostic value of PSA levels, but it does not extensively 
explore other emerging biomarkers that could offer additional insights into treatment response and 
prognosis in mCSPC.

CONCLUSIONS

The present study provides compelling evidence that the combination of ADT with AAP (AAP+ADT) 
significantly enhances PSA progression-free survival and overall survival in patients with mCSPC com-
pared to ADT alone. Furthermore, our findings affirm the prognostic value of PSA as an independent 
predictor of treatment outcomes, particularly highlighting the correlation between greater reduc-
tions in PSA levels and improved patient prognosis within the AAP+ADT treatment cohort. This study 
underscores the therapeutic benefit of incorporating AAP into the standard ADT regimen for mCSPC, 
offering a more effective strategy for managing this challenging condition. The study reinforces the 
importance of PSA as a reliable biomarker for monitoring treatment response and guiding clinical 
decisions in the management of mCSPC. However, this conclusion was drawn from a monocentric 
based on the Chinese population and it should be verified in the further studies with larger and more 
diverse populations.
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