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Abstract

Purpose: To evaluate the influence of nadir prostate-specific antigen (PSA) level and time to PSA nadir following androgen deprivation ther-
apy (ADT)on disease progression of castration-resistant prostate cancer (CRPC) in patients with metastatic, hormone-sensitive prostate cancer 
(mHSPC).

Patients and methods: A total of 90 patients with metastatic, hormone-sensitive prostate cancer treated with androgen deprivation therapy in 
our hospital were included in our retrospective study. Patients’ characteristics, PSA at PADT initiation (initial PSA), PSA nadir, TTN, follow up time, 
CRPC event were analyzed using Kaplan-Meier analysis and Cox regression model.

Results: At a median follow-up of 12 months, 57 patients (63.3%) showed disease progression of CRPC Both PSA nadir and time to PSA nadir 
(TTN) was independent and significant predictors of CRPC event. Patients with higher PSA nadir (≥0.2ng/dL) and shorter time to PSA nadir (TTN <6 
months) had significant shorter time to CRPC. Meanwhile, the Gleason score, age and initial PSA werenot significant predictors of disease progres-
sion. In the combined analyses showed patients with higher of PSA nadir and shorter TTN had significantly higher risk for CRPC event compared to 
lower PSA nadir and longer TTN (HR 69.243, p-value< 0.001)

Conclusion: We concluded that both higher PSA nadir and shorter time to PSA nadir are significant predictors of CRPC in patients with meta-
static, hormone-sensitive prostate cancer receiving ADT.

Keywords: Metastatichormone sensitive prostate cancer, Androgen deprivation therapy, Time to PSA nadir, PSA nadir, Castration resistant prostate 
cancer
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Introduction
Androgen-deprivation therapy (ADT) is the most effective sys-

temic therapy in patients who have hormone-sensitive prostate 
cancer. PSA levels remain low or undetectable for years.1 Howev-
er, the emergence of castration-resistant prostate cancer (CRPC) is 
typical.2 Treatment options for CRPC remain limited and the prog-
nosis of patient with CRPC is dismal.3  With hormone treatment  

 
of advanced prostate cancer, PSA level increases 6 to 12 months 
before definitive radiological or clinical of disease progression.4-7 
Median survival in patients with CRPC is approximately 24 to-
36months.1 The accurate prediction parameter of disease progres-
sion might be used to evaluate prognosis of disease and benefit 
from aggressive or novel treatment. PSA kinetics have been used 
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as useful prognostic indicators for disease or survival in different 
clinical setting including radical prostatectomy and external beam 
radiation therapy.8-11 Nevertheless, its prognostic ability for those 
receiving ADT for metastatic, hormone-sensitive prostate cancer is 
not well understood. The PSA nadir has been suggested to be the 
most significant predictor of progression to CRPC in many stud-
ies.12-17 However, the time to PSA nadir (TTN) is still controversy. 
Some earlier studies suggested that shorter TTN correlated with 
longer time of progression-free survival.4,5,18-20 But many recent 
studies suggested that longer TTN correlated with longer time of 
progression-free survival.1,16,17,21,22 In our study, we retrospectively 
reviewed our single-center treatment of metastatic-hormone sen-
sitive prostate cancer (mHSPC) patients to evaluate the prognostic 
ability of PSA nadir and TTN in both individual and interactive ef-
fect on disease progression to CRPC.

Materials and methods
As a retrospective cohort study. The database in Thammasat 

university hospital between July 2012 and December 2019. A total 
of 90 patients who diagnosed metastatic-hormone sensitive pros-
tate cancer and received androgen-deprivation therapy (ADT) such 
as gonadotropin-releasing hormone (GnRH) agonist plus anti-an-
drogen, GnRH antagonist or bilateral orchiectomy were included 
in this study. GnRHagonist combined with anti-androgen were 
used in 23 patients (25.5%), GnRH antagonist was used in 20 pa-
tients (22.2%) and bilateral orchiectomy was used in 47 patients 
(52.2%). Patients were followed up a progression of disease by 
PSA every 3 months thereafter. We determined the study size by 
using a hazard ratio = 4.3,21 CRPC event = 30%, Patients who loss to 
follow-up=10%, power 80%, p=0.05 and two-sided test. We found 
that the study size was 42 patients. Predictors used in multivariate 
analysis (Cox’s proportional hazard model) were Gleason score, ini-
tial PSA, PSA nadir, TTN (add 10 patients per predictor). Thus, the 
study size was appropriately at least 82 patients.

Patients’ characteristic was explained by age, BMI, Gleason 
score, PSA at ADT initiation (initial PSA), PSA nadir, TTN, follow up 
time, CRPC event.The PSA nadir was defined as the lowestPSA value 
achieved during ADT. Time to PSA nadir (TTN) was defined as the 
duration of time after initiation of ADT to the date of PSA nadir. 

The disease progression of castration-resistant prostate cancer 
(CRPC) was definedas Conford et al., EAU guideline 2017.23

A serum testosterone level <50mg/dl or 1.7nmol/L plus one of 
the following symptoms:

1.	 Biological progression.

I.	 Three consecutive rises in PSA 1 week apart, resulting in 
two 50% increases over the nadir, and PSA level >2 ng/mL.

2.	 Radiographic progression.

I.	 Two or more new bone metastases on bone scan.

II.	 The development of soft tissue lesions.

Patients were dichotomized according to median value, except 
for PSA nadir. The reasonable PSA nadir which measured by ROC 
curve was 0.8ng/ml (cut point between sensitivity 70.18% and 
specificity 63.64%). But we used PSA nadir 0.2ng/ml because it 
seems to be an undetectable PSA and some previous studies re-
ported that was correlated with disease progression and prostate 
cancer specific survival.1,3,16,17,22 Moreover, after we compared the 
AUC between PSA nadir 0.2ng/ml and 0.8ng/ml. There was no sta-
tistically significant (p = 0.63) (Figure 1). Meanwhile, the reason-
able time to PSA nadir (TTN) which measured by ROC curve was 
8 months (cut point between sensitivity 78.95% and specificity 
81.82%). Nevertheless, we used the median TTN (6 months) be-
cause this was suitable for follow up any patients and the AUC be-
tween TTN 6 months and 8 months were no statistically significant 
(p = 0.90) (Figure 2). Categorized patients into four groups: (1) PSA 
nadir < 0.2 ng/ml and TTN ≥6 months (2) PSA nadir < 0.2ng/ml and 
TTN<6 months (3) PSA nadir ≥0.2ng/ml and TTN ≥ 6 months (4) 
PSA nadir ≥0.2ng/ml and TTN <6 months.

Figure 1: ROC Curve (PSA nadir).

Figure 2: ROC (Time to PSA nadir).

Kaplan–Meier analysis was used to evaluate progression-free 
survival. Univariate and multivariate analysis were used by Cox re-
gression modelwere used to evaluate the associations of PSA nadir 
level and time to PSA nadir with CRPC event. All statistical analyses 
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were used by STATA ver 15. Values of p<0.05 were considered to be 
statistically significant in all of the analyses.

Results
Patients’ characteristics were explained as Table 1. At the date 

of ADT initiation, the median age was 72.5 year-old and median 
initial PSA level was 100ng/ml. Most common type of ADT was a 
bilateral orchiectomy. Gleason score ≥8 was predominant (75.5%). 
After ADT initiation, the median PSA nadir was 0.91ng/ml. Median 
time to PSA nadir was 6 months and median follow-up time was 
12 months. 23 in 90 patients (25.5%) were achieved a PSA nadir 
<0.2ng/ml. 57 patients (63.3%) had a progression of CRPC. 	

Table 1: Characteristics of the 90 patients who underwent ADT.

Characteristics

At ADT initiation                                                Value

Age (yr) 72.5 (53-90)

BMI 22.5 (13.5-34.3)

Initial PSA (ng/ml) 100 (10-6480)

Gleason score

6 2 (2.2)

7 20 (22.2)

≥ 8 68(75.5)

Type of ADT

1. GnRH agonist + anti-androgen 23 (25.5)

2. GnRH antagonist 20 (22.2)

3. Orchiectomy 47 (52.2)

Nadir PSA (ng/ml) 0.91 (0-380)

PSA nadir < 0.2 ng/ml 23 (25.5)

PSA nadir ≥ 0.2 ng/ml 67 (74.5)

Time to PSA nadir (months) 6 (1-41)

Follow-up time (months) 12 (1-69)

CRPC event

  Yes 57 (63.3)

  No 33 (36.6)

Themedian progression-free survival in patients with 
PSA<0.2ng/ml was significantly longer than those in patients with 
PSA nadir ≥0.2ng/ml (60months vs. 11months, p<0.001)(Figure 
3, Table 2). The median progression-free survival in patients with 
time to PSA nadir (TTN)≥6 months was significantly longer than 
those in patients with TTN <6 months. (42 months vs. 9 months, 
p<0.001)(Figure 4, Table 3). In combined analyses of PSA nadir and 
TTN, patients with PSA nadir ≥0.2ng/ml and TTN<6 months had 
the worst progression-free survival. In contrast to patients with 
PSA nadir<0.2mg/ml and TTN≥6 months had the best progres-
sion-free survival (Figure 5). In univariate analysis, Gleason score 
≥8, PSA nadir ≥0.2ng/ml, TTN <6 months were associated with 
worse progression-free survival (Table 4). In multivariate analysis, 
Gleason score was not a significant predictor of disease progression 
to CRPC. However, PSA nadir and TTN were remained significant 
predictors of disease progression to CRPC (hazard ratio [HR] 5.18 

and 12.6, p<0.001 respectively)(Table 5; Model 1). In combined 
analyses, patients with higher PSA nadir (≥0.2ng/ml) andshorter 
TTN (< 6 months) had the worst progression-free survival (hazard 
ratio [HR], 69.243; p<0.001) compared to those with lower PSA 
(<0.2ng/ml) and longer TTN (≥6 months)(Table 5;Model 2). Glea-
son score, initial PSA and ageat date of diagnosis were not indepen-
dent predictors of disease progression to CRPC.

Figure 3

Figure 4

Table 2: Median progression-free survival for PSA nadir.

Variable Median PFS (months)

PSA nadir <0.2ng/ml 60

PSA nadir ≥0.2ng/ml 11

Table 3: Median progression-free survival for TTN.

Variable Median PFS (months)

TTN < 6 months 9

TTN ≥ 6 months 42

Table 4: Univariate analyses of Cox proportional hazards regression 
analyses for progression-free survival.

Variable
Progression-free survival

HR (95% CI) p-value

Age at PADT initiation (<75 yr vs. 
≥75 yr.) 1.103 (0.640-1.902) 0.724

Gleason score (<7 vs. ≥7) 2.000 (1.022-3.916) 0.043
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Initial PSA (<100ng/ml vs. 
≥100ng/ml) 1.408 (0.769-2.577) 0.267

PSA nadir (<0.2ng/ml vs. 
≥0.2ng/ml) 5.291 (2.470-11.334) < 0.001

TTN (≥ 6mo. vs. <6 mo.) 12.962 (6.256-26.860) < 0.001

Figure 5

Table 5: Multivariate analyses of Cox proportional hazards regression 
analyses for progression-free survival.

Variable 
Progression-free survival

HR (95% CI) p-value

Age at PADT initiation (<75 yr 
vs. ≥75 yr.)                   0.962 (0.547-1.692) 0.892

Gleason score (<7vs. ≥7) 1.115 (0.564-2.206) 0.754

Initial PSA (<100ng/ml vs. 
≥100ng/ml) 1.506 (0.8027-2.826) 0.202

PSA nadir (<0.2ng/ml vs. ≥ 
0.2ng/ml) 5.180 (2.236 -11.998) <0.001

TTN (≥ 6mo. vs. < 6mo.) 12.663 (5.741-27.933) <0.001

Model 2.

< 0.2ng/ml / ≥ 6 mo. 1 (Reference) -

< 0.2ng/ml / < 6 mo. 15.818 (3.480-71.903) <0.001

≥0.2ng/ml / ≥ 6 mo. 5.430 (1.504-19.560) 0.01

≥  0.2ng/ml/<  6 mo. 69.243 (17.791-269.494) <0.001

Discussion
Although PSA kinetic including PSA nadir level and TTN are 

useful indicators for evaluating the response to ADT, a prognostic 
significance these PSA parameters is still controversial. The optimal 
threshold of PSA nadir were different in each study, e.g., Hussain et 
al.24 Reported that PSA nadir < 4ng/ml.. Whereas Kwak et al.15 and 
Miller et al.13 showed that PSA nadir level of 1.1 and 4ng/ml were 
optimal threshold for predicting the progression to CRPC, respec-
tively. However, in many other studies suggested that PSA nadir of 
0.2ng/ml was the optimal PSA threshold for predicting the disease 
progression to CRPC.1,3,16,17,22 In patients with PSA nadir threshold 
after receiving ADT were failure to achieve a level of 0.2ng/ml, they 
were associated with a 20 times likelihood of disease progression 
to CRPC.16 Hence, in our study, we used the PSA nadir threshold of 
0.2ng/ml and it showed that lower PSA threshold (<0.2ng/ml) after 
ADT was an independent predictor of longer disease progression to 
CRPC. Our study support many previous studies.

The prognostic ability of time to PSA nadir level (TTN) after 
ADT on disease progression is still controversial. In many earlier 
studies were showed that the shorter TTN was associated with 
longer time to disease progression.4,5,18 In contrast to many recent 
studies were reported thatshorter TTN was associated with short-
er time to disease progression.1,16,17,21,22 For example;Choueiri et 
al.,Huang et al., and Sasaki et al. suggested that longer TTN after 
ADT associated with longer progression-free or overall survival. 
(≥6 months,≥10 months and ≥9 months, respectively). In our study 
support these recent studies. The shorter TTN (<6 months) after 
ADT was an independent predictor of shorter disease progression 
to CRPC in univariate and multivariate analysis. Furthermore, in the 
combined analysis of PSA nadir and TTN, patients withPSA nadir 
≥0.2ng/ml and TTN <6 months had the worst progression-free sur-
vival compared with PSA nadir <0.2ng/ml and TTN ≥6 months (HR, 
69.243, p<0.001).

The hypothesis of our results can be possibly explained by many 
recent studies. The rapid reduction of PSA after ADT may affect by 
downregulation of androgen receptor rather than prostate cancer 
cell death and an adequate environment for growing castration-re-
sistant prostate cancer cells might be induced by a rapid removal of 
hormone-sensitive prostate cancer cells.22 Furthermore, the quick 
suppression of androgen receptor during ADT may have a negative 
impact on disease progression, because androgen receptor can act 
as tumor suppressor for the prostate cancer.17 In this study, we rec-
ognized several limitations. First, this study had a small population. 
We need the larger population to confirm our results. Second, the 
initial PSA in many patients were reported ≥100ng/ml because the 
laboratory department did not dilute to the exact value.

Conclusion
We concluded that higher PSA nadir and shorter TTN after ADT 

were the higher risk for castration-resistant prostate cancer in pa-
tients with metastatic-hormone sensitive prostate cancer. These 
might be helpful for decision making in early aggressive treatment 
strategy such as chemotherapy or novel therapy. 
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