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Abstract 

Objective: We sought to identify predictive factors affecting time to castration resistance in metastatic prostate cancer patients receiving androgen deprivation 
therapy (ADT).
Materials and Methods: We retrospectively evaluated 47 patients who received ADT with the diagnosis of metastatic prostate cancer. The patients’ age, 
International Society of Urological Pathology (ISUP) scores, baseline prostate specific antigen (PSA), alkaline phosphatase (ALP) value, prostate-specific 
membrane antigen (PSMA) tracer expression, represented by the maximum standardised uptake value (SUV max) at diagnosis, nadir PSA value, and time to 
resistance to ADT were recorded.
Results: All patients included in the study were resistant to treatment with ADT. The mean age of the patients was 70.81 ± 1.15 years. The mean time to develop 
resistance to treatment after castration was 31.51 ± 4.9 months. In the correlation analysis, a significant negative correlation was detected between PSA, nadir 
PSA values and time to treatment resistance. The relationship between the SUVmax value of the primary prostate lesion, ALP value at the time of diagnosis 
and time to response to ADT developed was not significant.
Conclusion: We found PSA values ​​at diagnosis and nadir PSA values ​​during follow-up to be predictive factors of treatment resistance in metastatic prostate 
cancer patients receiving ADT.
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Özet 
Amaç: Androjen deprivasyon tedavisi (ADT) alan metastatik prostat kanseri hastalarında kastrasyon direncine kadar geçen süreyi etkileyen öngörücü 
faktörleri belirlemeye çalıştık.
Gereçler ve Yöntemler: Metastatik prostat kanseri tanısı ile ADT alan 47 hasta retrospektif olarak değerlendirildi. Hastaların yaşı, Uluslararası Ürolojik 
Patoloji Derneği (ISUP) skorları, başlangıçtaki prostat spesifik antijen (PSA), alkalin fosfataz (ALP) değeri, tanıdaki maksimum standardize edilmiş tutulum 
değeri (SUV max) ile temsil edilen prostat spesifik membran antijeni (PSMA) ekspresyonu, nadir PSA değeri ve ADT’ye direnç süresi kaydedildi.
Bulgular: Çalışmaya dahil edilen tüm hastalar ADT ile tedaviye dirençliydi. Hastaların yaş ortalaması 70,81 ± 1,15 yıldı. Kastrasyon sonrası tedaviye direnç 
gelişme süresi ortalama 31.51 ± 4.9 aydı. Korelasyon analizinde, PSA ve nadir PSA değerleri ile tedavi direncine kadar geçen süre arasında anlamlı negatif 
korelasyon saptandı. Primer prostat lezyonunun SUVmax değeri, tanı anındaki ALP değeri ve ADT’ye yanıt geliştirme süresi arasındaki ilişki anlamlı değildi.
Sonuç: ADT alan metastatik prostat kanseri hastalarında tanı anındaki PSA değerleri ve takip sırasındaki nadir PSA değerleri tedavi direncinin öngörücü 
faktörleri olarak bulunmuştur.

Anahtar kelimeler: prostat, kanser, kastrasyona dirençli, SUVmax, prostat spesifik antijen
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Introduction

Prostate cancer is the most frequently diagnosed cancer 
among men in 105 countries and is the second leading cause 
of cancer-related deaths [1]. In patients with advanced prostate 
cancer (PCa), androgen deprivation therapy (ADT) is the 
standard treatment and currently the most frequently used drugs 
in ADT are gonadotropin-releasing hormone agonists (GnRHs) 
[2]. After a median time of 18-24 months of ADT treatment, 
castration- resistant prostate cancer (CRPC) will develop in 
most patients [3,4]. In patients with metastatic CRPC (mCRPC), 
median survival time is 16 months [5]. In most studies, various 
prognostic factors have been identified indicating progression 
to castration therapy, such as Gleason score (GS), the presence 
of bone and visceral metastases, and performance status [6,7].

The prostate-specific antigen (PSA) is a useful tool in 
diagnosing prostate cancer. Additionally, PSA levels are 
evaluated periodically after completion of ADT for advanced 
prostate cancer and used to estimate life expectancy based 
on its serum levels. However, there is disagreement about the 
prognostic significance of various PSA indices after hormone 
therapy. Additionally, there are few studies on whether these 
PSA indices accurately predict progression towards hormone-
resistant prostate cancer. ALP is one of the oldest known 
tumor markers whose main sources are liver and bone. ALP 
is a prognostic marker for overall survival (OS). In castration- 
resistant metastatic prostate cancer patients, and its increased 
levels correlate with the spread of metastatic bone disease. 
Although there is not enough correlation between PSA and 
ALP values in the evaluation of treatment responses, it is stated 
that the evaluation of the treatment response with ALP is more 
meaningful [8]. ALP is often used as a prognostic marker of 
bone metastases. Although not certain, ALP is associated with 
increased bone turnover, osteoblastic activity and osteoid 
formation in the presence of bone metastasis. According to a 
meta-analysis, high serum ALP levels in patients with hormone-
sensitive prostate cancer were associated with increased overall 
mortality and disease progression, but not with cancer-specific 
mortality rates [9].

Positron emission tomography/computed tomography (PET/
CT) is a hybrid imaging method that demonstrates molecular 
processes of tissues as well as morphological imaging, providing 
superior diagnostic performance. Prostate-specific membrane 
antigen (PSMA) is a transmembrane protein primarily present 
in all prostatic tissues and PSMA expression increases in 
prostate cancer patients [10]. In recent years 68Ga PSMA PET/
CT has been the standard assessment method for prostate cancer 
staging, evaluation of biochemical recurrence and treatment 
response [11].

In patients receiving ADT for advanced prostate cancer, PSA 
levels increase 6 to 12 months before emengence of any clinical 
indicators of disease progression [12,13]. The time to disease 
progression is important for planning treatment. Indeed, when 
the tumor burden is at a minimum level, the general health status 
of the patients can tolerate alternative treatments. Therefore, 
it is important to determine a suitable factor that can predict 
progression to hormone-refractory prostate cancer (HRPC) 
before the serum PSA value rises again. In this way, alternative 
treatments can be applied at appropriate times. In this study, 

we investigated the relationship between PSA levels measured 
before GnRH treatment in metastatic prostate cancer patients, 
ALP levels, SUVmax values   obtained by Ga-68 PSMA PET/
CT, and nadir PSA levels during follow-up and the time to the 
development of castration- resistant PCa.

Materials and Methods

Ethical approval for this study was obtained from Cumhuriyet 
University Medical Faculty Ethics Committee (Approval 
Number: 2023-12/21, date: 12.21.2023). We retrospectively 
evaluated 47 patients who received ADT for metastatic prostate 
cancer. Prostatic SUVmax values   measured by 68Ga-PSMA 
PET/CT imaging method, ISUP grade, PSA, ALP, nadir PSA 
values were recorded for all patients at the time of diagnosis. 
None of the patients in the study received local treatment for 
prostate cancer. Patients receiving medical or surgical treatment 
for prostate cancer and patients with existing liver or bone 
disease were excluded from the study. Patients whose prostatic 
SUVmax values   and ALP levels were not measured at the time 
of diagnosis and before ADT were not included in the study. 
Histopathological and treatment data of the patients were 
obtained from the hospital information management system and 
patient records.

According to the European Association of Urology (EAU) 
guidelines patients were considered to have CRPC as soon as 
biochemical (three consecutive rises in PSA values at least one 
week apart resulting in two 50% increases over the nadir, and a 
PSA>2 ng/mL) or radiological progression [(emergence of two 
or more new bone lesions on bone scan or a soft tissue lesion 
using RECIST (response evaluation criteria in solid tumours)] 
was observed when serum testosterone was <50 ng/dL or 1.7 
nmol/L [14]. The time from the start of ADT until castration 
therapy was recorded. 

Statistical Analysis

SPSS 23.0 program was used for statistical analysis. For 
the data that did not comply with normal distribution, a non-
parametric test was used. Mann-Whitney U test was used to 
compare two independent groups. Correlation analysis was 
performed to understand the co-movement between variables. 
Since parametric variables were not available, Spearman 
correlation analysis was used. In our study, G-power analysis 
was performed with a moderate effect (d=0.5) according to 
Cohen’s standards for various effect sizes, with α:0.05 (95% 
confidence) error level β:0.80 power. According to the results 
of the analysis, taking 47 samples would be sufficient to obtain 
statistically significant study results. All tests were performed at 
a 95% confidence.

Results

Forty-seven patients were included in the study. All of the 
patients were resistant to treatment after ADT. The mean age of 
the patients was 70.81 ± 1.15 years. According to the pathology 
results, the patients were ISUP Grade 2 (n:2), 3 (n:8), 4 (n;15), 
and 5 (n:22). Based on the transrectal prostate biopsy results of 
the patients, perineural invasion was detected in 34 out of 47 
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patients. Dynamic magnetic resonance imaging (MRI) studies 
revealed the presence of seminal vesicle invasion only in 21 
patients.

The average pre-treatment PSA (214.2 ± 92.6 ng/mL), ALP 
(219.6 ± 29.2 IU/L) and prostatic SUVmax (17.6 ± 1.8) values ​​
were as indicated. The mean nadir PSA level of the patients 
during their follow-up was calculated as 1.94 ± 9.6 ng/mL. The 
average time to develop resistance to treatment after castration 
was 31.51 ± 4.9 months. The distribution of these data of the 
patients is summarized in Table 1.

In the correlation analysis, there was no significant 
correlation between age at diagnosis and time to relapse 
(p=0.478 r=0.108), and between time to relapse and ISUP 
scores (p=0.427 r=-0.233). A moderately significant negative 
correlation existed between PSA levels and time to recurrence 
(p=0.002, r=-0.646). Still, a significant negative correlation 
was detected between nadir PSA values and time to recurrence 
(p=0.042, r=-0.517). No correlation was found between the 
SUVmax value of the primary prostatic lesion and time to 
recurrence (p=0.373, r=-0.142). The relationship between 
ALP value at diagnosis and time to recurrence was also not 
significant (p=0.284 r=-0.369). Correlation relationships are 
summarized in Table 2.

Discussion 

ADT has been the primary treatment standard in metastatic 
prostate cancer for more than 50 years [15]. Although prostate 
cancer is considered an androgen-dependent tumor, the response 
to ADT depends primarily on patient and disease characteristics 
(presence and location of metastasis, performance status, pain 
score, pre-treatment PSA, GS, etc.).

Median survival for newly diagnosed metastatic prostate 
cancer patients has been reported to be approximately 42 

months with ADT alone. However, since the characteristics of 
the metastatic lesions are not the same, time to metastatic spread 
varies greatly [16]. Various prognostic factors for survival have 
been proposed, including the number and location of bone 
metastases, the presence of visceral metastases, ISUP grade, 
PS (performance score) status, and baseline PSA and alkaline 
phosphatase levels, but only a few of them have been validated 
[17–20]. In this study, we aim to evaluate factors that may 
predict treatment resistance in patients receiving ADT.

PSA values and baseline Gleason scores have been reported 
as the most important predictors of the time to transition to 
castrate resistant state in metastatic prostate cancer [21]. Kwak 
et al. confirmed this information by showing that pre-treatment 
PSA, PSA 6 months after treatment and the number of bone 
metastases were significantly associated with progression 
to castration-resistant prostate cancer [22]. According to the 
study conducted by Divrik et al., approximately a quarter of 
the patients responded appropriately to ADT without failure for 
a long time, while the remaining patients became resistant to 
treatment after an average of 12-18 months. According to the 
results of this study, it has been shown that the initial response to 
ADT can be predicted by the pre-treatment PSA level, and that 
the duration of response to treatment is affected by factors such 
as PSA levels and Gleason scores (GS). The unresponsiveness 
to ADT increased 4-fold in patients with a GS of 8-10, compared 
to patients with a GS of 6 [23].  Kafka et al. showed that total 
PSA level at diagnosis was not an indicator of clinical outcome. 
However, in the same study, they showed a strong correlation 
between nPSA levels and OS, progression-free survival (PFS) 
and time to progression. In this study, lower PSA levels were 
associated with statistically significantly prolonged PFS and 
time to progression [24]. In their study, Bonde et al., did not find 
a relationship between pre-treatment PSA levels and the risk 
of resistance to castration therapy. In the same study, the nadir 
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Table 1. Patient characteristics

Variables N: 47

Age 70.81 ± 1.15 years
ISUP Grade
   ISUP 1
   ISUP 2
   ISUP 3
   ISUP 4
   ISUP 5
PNI
   Yes
   No 
SVI

   Yes
   No
Pre-ADT PSA 
nPSA             
Pre-ADT ALP
Pre-ADT SUVmax
Time to castration resistance

0
2
8
15
22

34 
13

21
26

214.2 ± 92.6 ng/mL 
1.94 ± 9.6 ng/mL 
219.6 ± 29.2 IU/L 

17.6 ± 1.8
31.51 ± 4.9 months

Time to 
castration 
resistance

Age Correlation coefficient (r) 
Sig. (2-tailed)  (p) 

0.108 
0.478

ISUP Correlation coefficient 
Sig. (2-tailed)

-0.233
0.427

Pre-ADT PSA Correlation coefficient 
Sig. (2-tailed)

-0.646
0.002*

nPSA Correlation coefficient 
Sig. (2-tailed)

-0.517
0.042*

Pre-ADT ALP Correlation coefficient 
Sig. (2-tailed)

-0.369
0.284

Pre-ADT SUVmax Correlation coefficient 
Sig. (2-tailed)

-0.142
0.373

Table 2. Spearman correlation analysis of variables 

* significant correlation
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PSA level reached after castration was shown to be a strong 
indicator of the development of resistance to castration therapy, 
regardless of pre-treatment PSA levels. With these results, they 
emphasized the importance of PSA monitoring immediately 
after starting ADT to determine whether additional treatment 
is needed [25]. In our study, we examined factors that could 
predict the time to development of resistance to treatment in 
metastatic prostate cancer patients receiving only ADT. The 
time to develop resistance to treatment was found to be 31.51 
± 4.9 months. There was no significant correlation between the 
time to treatment resistance and the ISUP scores (p=0.427 r=-
0.233). However, a moderately statistically significant negative 
correlation was found between the time to treatment resistance 
and PSA levels (p=0.002, r=-0.646). In addition, a significant 
negative correlation was detected between nadir PSA and 
recurrence time (p=0.042, r=-0.517). Pre-ADT PSA and nadir 
PSA are strong factors in predicting treatment resistance in 
metastatic prostate cancer. This emphasizes the importance of 
rapid PSA monitoring from the start of ADT and measuring 
the PSA level at the time of diagnosis to detect the need for 
additional treatment.

Previous studies have shown that increased serum ALP, 
and lactate dehydrogenase (LDH) levels, and the presence of 
visceral metastases are associated with poor survival [26,27]. 
Fizazi et al. associated increased ALP levels with decreased PFS 
and OS in a large cohort of patients receiving chemotherapy for 
mCRPC [28]. In our study, no significant relationship was found 
between the ALP levels at the time of diagnosis and the time to 
recurrence which we think is related to the inhomogeneity of the 
metastatic burden in our patient group. We think that ALP values ​​
can predict resistance to ADT in patient groups where metastatic 
foci are homogeneous in location and size.

Jadvar et al. reported the prognostic value of SUVmax 
values defined based on FDG-PET results in 87 mCRPC 
patients. In the same study, it was reported that the survival rate 
of patients with high SUVmax values ​​decreased [29]. However, 
in a study evaluating the response of 34 patients with mCRPCa 
to enzalutamide treatment, age, ISUP grade, SUVmax, and 
pre-treatment PSA values, and the presence of local recurrence 
or metastasis in any region were not found to be significant 
in predicting response to treatment [30]. Another study using 
SPECT/CT found no significant correlation between changes in 
SUV values ​​and PFS or OS [31]. In our study, age at diagnosis, 
ISUP scores, and SUVmax values of the primary prostatic 
lesions on PSMA-PET imaging could not predict resistance to 
ADT.

Our study has several limitations. The first of these is that our 
patient group is not homogeneous in terms of metastatic burden 
and diversity of metastases. Secondly, the number of patients 
included in our study is relatively small. For these reasons, 
our findings should be interpreted as exploratory rather than 
definitive results. However, we think that our study conveys 
importance in that we examined many valuable prognostic 
parameters such as age, ISUP scores, pre-ADT PSA, nPSA, Pre-
ADT ALP and pre-ADT SUVmax. We think that future analyzes 
with a larger and more homogeneous sample size will support 
our results.

Conclusion 

We found that PSA and nadir PSA values ​​at the time of 
diagnosis were significant in predicting the duration of resistance 
to ADT in metastatic prostate cancer patients receiving ADT. 
These results show the importance of PSA values measured at 
the time of diagnosis and PSA monitoring during follow-up.
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